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Foreword 


The study of mortality is of great interest to public health 
workers and demographers throughout the world. Not only health 
planning but planning for improvement of socio-economic condition 
depends to a great extent on current data on mortality and its future 
trends. A remarkable event in history has been the spectacular 
decline in death rate both in the developed and the developing 
nations. While the fall in death rates in the present day developed 
world has been gradual and has been the result of combined efforts 
in improvement of socio-economic conditions, sanitation and medical 
know-how, the current rapid decline in mortality in the developing 
nations is attributable greatly to the application of principles of 
scientific medicine to disease control. 


Itis being argued whether the recent rapid decline in mortality 
in the developing nations can be continued into the future. Many 
feel that the easily conquerable diseases have been controlled and 
future decline in mortality will be conditional to the concurrent 
improvement in the fields of malnutrition, poverty, illiteracy and 
medical care. 


Irrespective of the speed of decline of mortality in the future, 
most of the developing nations are likely to invest huge sums for 
improvement of the health of the citizens. Improvement of public 
health is one of the directive principles of State policy in India. 
Every nation is trying to achieve for its citizen the maximum state 
of physical and mental health within its economic capability. The 
tasks in the future will be not only to consolidate the gains achieved 
so far in reduction in mortality but to improve upon it. The Second 
Development Decade will facilitate this process a great deal. 


While a great deal is known about an overall decline e 
mortality, there is still inadequate information on mortality 
differentials in various age and socio-economic groups and between 
sexes; causes of mortality; relationship of mortality to fertility; 
measurement of mortality; and future trends in mortality. 


The major objective of the Gandhigram Institute of Rural 
Health and Family Planning is to contribute towards the promotion 
of health and family planning programme in the country and this 1s 
being achieved through the three inter-related activities of training, 
research and field service demonstration. It is this deep involvement 
of the Institute in the field of community health with priority to 
family planning that has encouraged us to bring forth the present 
monograph, pooling together the findings of studies on mortality in 
different parts of the country. It is hoped that the monograph will 
help to bring to the readers knowledge onthe current status of 
mortality in the country, identify gaps in knowledge, and stimulate 
further studies on the subject. 


The Gandhigram Institute of d . é 
Rural Health & Family Planning | Dr. K. A. Pisharoti 
Gandhigram 30—12—1972 Director 
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Testing Deficiencies in the Death Registration 
Statistics and Estimation of Mortality 
in India, 1965— 1966 


K. E. Vaidyanathan * 


Introduction 


In countries with defective registration statistics, estimation 
of demographic measures have necessarily to depend upon the 
available data from vital registration, censuses and surveys supple- 
mented by international experience. India has a long history of 
vital registration, yet the registration statistics are deficient in many 
respects. In this paper, it is proposed to examine the available 
death registration statistics for the year 1965 and 1966, to bring out 
deficiencies in the data and to utilize them for deriving estimates of 
mortality in India during 1965-66 which corresponds with the 
middle of the 1961-1971 decade, 


The data used in this study are for the 13 major states and 
two Union Territories of India covering 80 per cent of the population 
of the country !. This limitation was necessary to avoid changes in 
registration coverage, and also because registration in the rest of 
India is so poor to merit inclusion. The important source of data 
for the present study is the annual publication of the Registrar 
General of India known as the Vital Statistics of India. The figures 
used here are drawn from the above publication for 1965 and 1966. 
In addition an estimate of the growth rate during 1961-1971, from 
the provisional results of the 1971 census has also been utilized in 
this study. 


* The computational help of Miss Suhair Fouda, Technical Assistant is 
gratefully acknowledged. The author has greatly benefitted by discussions 
with V. G. Valaoras and K.S. Gnanasekaran, but he alone is responsible 
for the views expressed jn this paper. 


The evaluations that are attempted in this study are necessarily 
restricted by the classifications of the data available in these publi- 
cations. Deaths have been classified by sex and broad age groups, 
namely 0, 1-4, 5-9, 10-14, 15-19, 20-29, 30-39, 40-49, 50-59 and 
60 and over; further, infant deaths are tabulated separately for less 
than one week, one week to one month, one month to six months and 
six months and over. More detailed five-year age groupings at the 
adult ages or a grouping like 25-34, 35-44, ...... with ages ending in 
the digit zero at the middle should have been preferred to the 
present age grouping. Also the terminal age group should be higher 
(preferably 80+) instead of the present 60 and over, especially since 
more people may be expected to live beyond 60 with rising expectan- 
cies of life. For infant deaths we would have preferred tabulations 
by age intervals of one month to the present irregular age groups. 
Further the age tabulation of deaths for the major cities of India, or 
for other areas of reportedly good registration are not available. 
Despite these limitations in the available classifications, the data are 
of great value for estimation of mortality in India. 


Areas of Deficiency in Mortality Statistics 


Three broad areas of deficiency can be noticed in the death 
registration statistics of statistically under-developed countries ?: 


a. Incomplete registration of infants who die immediately after 
birth ; 


b. Unconventional sex differentials in mortality, especially during 
infancy and early childhood ; 


c. Distortion of age patterns of deaths due to differential regist- 
ration and misstatements of age. 


Incomplete registration of early infant deaths is more acute 
in the rural areas of the country (localities of less than 5000 inhabi- 
tants). This can be seen from a comparison of the age-sex char acte- 
ristics of infant deaths in rural areas, urban areas and selected 
major cities (average for 1965 and 1966) presented in Table 1. 
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Table’ 1 


AGE AND SEX CHARACTERISTICS OF INFANT DEATHS IN RURAL AREAS, 
URBAN AREAS AND MAJOR CITIES OF INDIA BASED ON REGISTRATION OF 
DEATHS DURING 1965 - 1966 


Per cent deaths by age at death Per cent of males to all 
Age at oS Ee SOE PATS ee ee deaths 
death Rural Urban = Major cities* 
Rural Urban Major 
a : % 3 Me B cities* 


Under 

1 week Pee 125 O22 14.4 at) el ae 56.42222 00a! 55.3 
1 week- 

1 month 1033° «8.2 Or ES 11.4 9.8 55.6 54.6 53.8 
1 month- 

Gunns: 46)336 5120 1e 361357/2 12.6 j idee ats $372 52.0 si 
6 months- 


1 year POR 3-2 sake Gi 412 7 Orn 104 47.6 49.8 48.5 
Under 
1 year See tos. t53.5. 46:6 SS te 40.2 54.1 53:3 53.8 


Sex Ratio in 
Infant Death Rate 


Death Rate 
Under 
1 week Lace bps 20.4 1 O55 34.0 115 125 NA 
1 week- 
1 month 14.09 Zee 10:9; °-29:5 2120 111 114 NA 
1 month- 
6 months 18.8 18.7 15.9 15.4 23.9 100 103 NA 
6 months- 
i year Bt. oma een AG 15.5 20.0 97 94 NA 
Under 
1 year tae tile - 01.92 56.8 98.9 104 109 NA 


* The cities included are Bombay, Calcutta and Nagpur. only as the infor- 
mation is not available for other cities. 


Source: Computed from Vital Statistics of India, 1965 and 1966 published 


by the Registrar General, India (Released in 1970 and 1971 
respectively) 


During 1965-1966 there were in round numbers 394,000 
infant deaths among 5,435,000 livebirths in rural areas, as against 
130,000 infant deaths among 2,200,000 livebirths in urban areas. 
The infant death rate was 72.3 in rural areas as against 63.4 in 
urban areas, or 14 per cent higher. On the other hand, the death 
rate for the first week is lower for rural areas than for urban areas, 
which is clearly unacceptable. Also one should expect on the basis 
of international experience that the proportion of infant deaths 
occurring during the first week of life should be nearly one-third, 
whereas it is less than one-fourth in rural areas. It is apparent that 
there is considerable omission of the deaths occurring during the 
first week of life. 


That the failure to register is not confined to the first week 
of life or to rural areas alone is evident when we compare the rates 
for rural and urban areas with those for the selected major cities. 
Generally health conditions in the major cities are better than those 
in rural areas as well as in urban areas as a whole, because of such 
factors as availability of medical facilities, protected water supply 
better living conditions and the like. Therefore one should expect 
to find the death rate for rural areas and urban areas to exceed those 
for the major cities. The opposite tendency of a lower death rate for 
these areas compared to the rate for major cities is clearly an 
artefact of the serious deficiencies in the data. Again, a comparison 
of the proportion of male deaths to total deaths for rural and urban 
areas with those for major cities does not indicate any differential 
omission of infant deaths of a particular sex. 


Several surveys of underregistration of births and deaths 
have been undertaken in different parts of India by the Office of the 
Registrar General of India. These surveys indicate that the under- 
registration of births and deaths is of a very high order *. It is very 
likely that some of the infant deaths were not registered both as 
infant death as well as livebirth. It would have been useful if the 
proportion of such cases had been ascertained in the surveys of 
underregistration. Unfortunately, this is not available. If for the 
sake of illustration it is assumed that ten per cent of livebirths have 
escaped registration as livebirth and as infant death, the infant 
mortality rate for rural areas will be increased to 160 from the 
present level of 72, This is purely conjectural and we need further 
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evaluation before we can arrive at a firm estimate of infant 
mortality rate. 


In order to obtain an idea of the likely range of underregis- 
tration of infant deaths, one may start with the estimate of the birth 
rate, about which there isa greater degree of consistency in the 
Indian demographic literature. This is because, unlike in the case 
of deaths, the survivors of the new born aged 0-4 and 5-9 can be 
observed in censuses and surveys and retrospectively one is able to 
estimate the number of births, of which they are the survivors. 
There is considerable amount of agreement between the estimates of 
birth rates obtained by different scholars and by different methods 
and in the absence of a significant change in fertility in the past, 
there is also near stability in the estimated birth rates for the recent 
past. These studies indicate a birth rate of nearabout 40 for India ¢. 


For the purpose of a simple exercise on the likely magnitudes 
of underregistration of infant deaths, one may therefore assume a 
birth rate of 40 for rural areas and 35 for urban areas. These rates 
On multiplication by the average midyear population for 1965—1966 
result in an estimate of the number of livebirths in rural and urban 
areas. (See Table 2). The total number of livebirths thus obtained 
are then split into the numberof male and female livebirths on the 
assumption of a masculinity ratio of 0.51 for both rural and urban 
India which corresponds to a sex ratio of 106 male births to 100 
female births ©. It was noted in the earlier section that for the few 
major cities for which data are available, the infant mortality rate 
was 98.9 in 1965—66. One should expect the infant mortality rate 
for rural and urban areas to be higher than this figure. In the 
absence of firm estimates of infant mortality rates for rural and 
urban areas, one may assume that it is in the range of 130 and 160 
for rural areas and between 100 and 130 for urban areas. On the 
basis of this assumption, the number of infant deaths in rural India 
will range between 1,435,000 and 1,767,000, as against the reported 
figure of 399,000 infant deaths. (See Table 2). Likewise, in urban 
India, the number of infant deaths in 1965—66 will range between 
245,000 and 320,000 infant deaths as against a reported number of 
131,000 infant deaths. This exercise would indicate that only between 
23 and 28 percents of infant deaths in rural areas are registered 
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whereas the extent of registration completeness ranges between 45 
and 60 per cents in urban areas. An interesting conclusion from this 
exercise is that the degree of underregistration of infant deaths is 
only slightly greater for females. 


Tables 


ESTIMATION OF THE LIKELY UNDERREGISTRATION OF INFANT DEATHS IN 
RURAL AND URBAN INDIA, 1965 - 1966 


Rural Urban 
Males Females Males Females 


(Figure in thousands) 


1. Estimated No. of Livebirths 5,630 5,410 1,250 1,200 
2. Reported No. of Livebirths 2,900 2,630 1,130 1,030 
3. Underregistration of 
Livebirths 2,730 2,780 120 i170 
4. Estimate of No. of Infant 
Deaths 
a. at IDR of 130 for rural 
and 100 for urban 732 703 125 120 
b. at IDR of 160 for rural 
and 130 for urban 901 866 163 156 
5. Reported No. of Infant Deaths 216 183 70 61 
6. Underregistration of Infant 
Deaths 
a- Minimum Estimate 516 ee | 53 59 
b. Maximum Estimate 685 683 93 45 


Sc a a ae 
7. Percent of underregistration 

[ (6) + (4)] x 100 

a. Minimum Estimate 70.4 74.1 42.4 49.2 

b. Maximum Estimate 76.0 78.8 OT ek 60.9 
scenes asamp 
Source: Computed on the assumption of a birth rate of 40 per 1000 forrural 

areas and 35 per 1900 for urban areas. The estimated population 


for 1965-66 used in the calculations are the following in thousands. 
Rural: 276,023; Urban: 69,705. 


The failure to register is seriduss in the case of infant deaths 
especially those who die shortly after birth?"yy-such omissions are 
not uncommon in the remaining age segments of the population. 
Even in the case of urban areas there is considerable amount (of 
underregistration, especially in the so-called “‘ census towns’, which 
seem to suffer from the fact that often a single registrar of births and 
deaths has to cover a large area, and reciprocally, the distance tra- 
velled by a person who wants to report a vital event is also greater®. 
One may assume as a kind of “rule of thumb’’, that the percentage 
under registration of deaths at ages one and over is between one half 
and two-third of the percentage underregistration of infant deaths’. 
On this basis, one can estimate the range of omission of all deaths in 
rural and urban India, by aggregating the estimates of omissions in 
infant deaths and of deaths at ages one and over. (See Table 3). It 
may be seen from the table that the estimated underregistration of 
the deaths at all ages ranges between 50 and 62 per cents in rural India 
and between 25 and 43 per cents in urban India. Once again it is 
noticed that the underregistration of the two sexes are very much of 
the same order, it being only slightly more for females. The estimated 
crude death rate ranges between 17.3 and 20.9 in rural India and 
between 13.7 and 17.0 in urban India. In order to determine the 
probable value of the infant mortality and crude death rates, further 
analysis of the data is needed, especially the determination of the 
overall levels of mortality. 


The third kind of deficiency in the death registration statistics 
is the distortion of the age patterns of mortality arising from two 
factors, namely the differential omissions in different age segments 
and wholesale transfer of persons across the age boundaries due to 
misstatement of age. These two sources of errors are compounded 
together in the recorded distribution of deaths by age. When the 
age-sex specific death rates are worked out, an additional factor is 
introduced, namely the inaccuracies in the age distribution of the 
population in the denominator of the rates. In Table 4, the age- 
specific death rates and the percentage distribution of deaths by age for 
each sex for rural and urban areas of India are presented. Since the 
reported crude death rates are not much different for the two areas, 
one should expect the age pyramids of deaths for the two areas to 
nearly coincide with each other. An examination of the above table 
indicates relatively larger omission of infant deaths relative to total 
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Table 3 
ESTIMATION OF THE RANGE OF UNDERREGISTRATION OF DEATHS OF ALL 


AGES IN RURAL AND URBAN INDIA, 1965-1966 


Rural Urban 
Males Females Males Females 


1. Estimated number of infant 
deaths (Item 4 of table 2) 


a. Minimum Estimate (000) PZ 704 125 120 

b. Maximum Estimate (000) 901 866 163 156 
2. Reported No. of deaths at 

age one and over (000) 980 885 296 246 


3. Correction factors for deaths 
at ages one and over 
a. Minimum Estimate ihe 1.9 1.3 133 
b. Maximum Estimate Oe 22 1.6 1.6 


4. Estimated No. of deaths at 
ages one and over 
a. Minimum Estimate (000) 1,666 1,682 385 320 
b. Maximum Estimate (000) 2,058 1,947 474 314 


5. Estimated No. of deaths of 
all ages (1) + (4) 


a. Minimum Estimate (090) 2,398 2,386 510 440 

b. Maximum Estimate (000) 2,959 2,813 637 550 
6. Reported No of deaths of 

all ages (000) 1,196 1,067 366 307 


7. Estimated underregistration 
of deaths of all ages 
a. Minimum Estimate (000) 1,202 319 144 133 
b. Maximum Estimate (009) 1,763 1,746 271 243 


8. Percent underregistration 
[ (7) = (5)] x 100 
a. Minimum Estimate SUFI ays pe 28.2 30.2 
b. Maximum Estimate 59:5 62.0 42.5 44.2 


Table 4 


REPORTED AGE SPECIFIC DEATH RATES AND PERCENTAGE OF DEATHS BY 
AGE FOR RURAL AND URBAN INDIA, 1965 - 1966 


Age Specific Death Rate Percentage of deaths by age 
Rural Urban Rural Urban 


Males Females Males Females Males Females Males Females 


Age 
Group 


0 49.61 42.03 G7.95 63.50 18.03 17.11 19.18 19.98 
1-4 12.00 |W Ea 12.29 13.14 [owe 18.88 12.94 15:95 
5-9 3.07 2.91 3.02 2.92 5.41 5.50 4.10 4.44 
10-14 2.14 2.18 2.26 Ze) 2.95 2D 2.63 aed i) 
15-19 ues 2.95 2.61 A749 2.78 3.01 2.46 3.11 
20-29 2.48 221d 2,08. 4.00 4.55 i) 5.62 7.74 
30-39 3373 3.00 4.35 ere 5.61 6.21 6.46 6.99 
40-49 6.49 eat eA | 6.92 Vise its 6.37 8.38 6.02 
Mucduude L2ti3 10.58 17.64 12.14 9212, 8.06 10.70 6.72 
60+ 39312 34.37 60.37 49.56 26.68 25.96 2133 one 


All ages 8.50 7.88 9.70 9.63 100.00 100.00 100.00 100.00 


Source: Computed using death registration statistics and estimated mid year 
population from Registrar General, India, Vital Statistics of India, 
1965 and 1966 and unsmoothed age distribution of 1961 census 
taken from United Nations Demographic Yearbook. 


deaths in rural areas and a greater distortion of the age distribution 
of male deaths. It also appears that the proportion of deaths in the 
broad range of ages 10-20 is probably nearer to reality than those in 
any Other age group. These observations are confirmed by the 
comparison of the estimated levels of mortality in stable populations 
that correspond closely to the reported age-sex specific death rates (,mx) 
and the proportions of deaths (dx) by age®. (See Table 5). It may be 
seen that the estimated “‘mortality levels’ for rural areas are generally 
higher than those obtained for urban areas, which is clearly impos- 
sible since the health conditions in rural areas are poorer than those 
in urban areas. The range of variation in the estimated levels is also 
greater for rural areas, and there are wide fluctuations in mortality 
levels from one age group tothe next. Thirdly, the proportions 
of deaths in rural areas in 5-9, 10-14 and 40-49 age groups for both 


, 


Age Specific Death Rates Percentage of Deaths by Age 


RURAL 
“Ae 


MALE ——~ 
FEMALE -~ -- 


URBAN 


Fig. 1 : Reported age specific death rates and proportions of 


deaths by age for each sex for rural and urban India, 
1965-66 
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Table 5 


ESTIMATED MORTALITY LEVELS FOR RURAL AND URBAN INDIA BY 
SEX BASED ON THE REPORTED ,Mx AND dx. 


Based on nx Based on dx 
ae Rural Urban Rural Urban 
Males Females Males Females Males Females Males Females 
0 20.4 20.0 18.7 17.9 19.9 19.2 19.4 17.8 
1-4 15.6 15.4 15.4 14.5 8.1 FBS 15.0 11.2 
5-9 | fap 15.5 15.4 es — --- — — 
10-14 loa 15.7 15.3 1535 - — _ er 
15-19 16.6 16.0 17.8 T2 a 11.6 15.4 10.0 
20-29 19.9 18.5 19.2 16.4 19.6 15.5 16.8 — 
30-39 19.2 18.2 18.3 16.3 16.8 1 bes — _ 
40-49 19.5 18.8 (ews 17.0 a — aa 15.0 
50-59 21.4 19.1 PEE | Ley 17.2 Lon 20.1 124 
60+ — ~- = pS) Bs 9 13.8 15.4 13.9 
Median 
evel se) 315.7, Bef 15.4 spe — — — —— 


Source: Computed using the n™Mx and dx values shown in Table 4 and 
Coale-Demeny West Models. 


* Median Levels are based on the first five values only. 


males and females and for the 15-19 age group for males would 
imply mortality levels outside the range covered by the Coale- 
Demeny West Models, which is unacceptable. A similar aberration 
can be noticed for urban areas also inthe 5-9, 10-14, 30-39 and 
40-49 age groups for males and the 5-9, 20-29 and 30-39 age groups 
for females. This analysis confirms our earlier observation that the 
age reporting of death is less accurate in rural areas than in urban 
areas, and also itis more distorted for males than for females in 
both areas. It may be noticed that the age-specific death rates for 
the two areas are less distorted than the proportions of deaths by 
age, probably because of a possible cancellation of similar kind of 
errors in the distributions of deaths and of population. However in 
view of fluctuations in mortality levels the age specific death rates do 
not provide an adequate basis for estimating the mortality levels in 
India. An examination of the cumulative proportions is attempted 
in the next section to determine the level of mortality in India. 
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Selecting a Mortality Level on the Basis of the Cumulative 
Proportions of Deaths by Age Groups 


Parameters of an actual population can be estimated by locat- 
ing the model stable population that fits certain recorded or cal- 
culated features of the population in question, and then assigning 
the characteristics of the model stable to the actual population. 
Informations of the actual population that can be utilized are the 
distribution of population by age groups, or the sex-age specific 
death rates, or the percentage distribution of deaths by age groups, 
together with the average rate of natural increase, which can be 
computed by suitably adjusting the intercensual rate of growth for 
possible references in coverage, and gain or loss through migration. 
At the time of writing this paper the sex-age distribution of the 
population from the 1971 census has not become available, and as 
noted in the last section the age specific death rates and the recorded 
proportions of deaths by age are too distorted to give any meaning- 
ful picture of mortality levels. The problem of estimating the 
mortality levels in India then becomes one of finding a stable 
population with a given annual rate of increase that most closely 
reproduces the recorded cumulative age proportion of deaths. 


The reason for the choice of the cumulative proportions of 
deaths as the basis is obvious. The effects of age misreporting and 
differential omission in different age groups is less on the cumulative 
deaths than in particular age brackets, (See Table 6 and Figure 2). 
The proportion of deaths under age x, which may be designated as 
D, 1s affected by those misstatements which involve a net transfer of 
persons across age x. A stable population can then be identificd by 
the intercensual rate of increase and any specified cumulative propor- 
tion, say upto age 5, upto age 10, ... upto age 60. If the reperted 
population in fact has a stable form, if the age reporting is accurate, 
and if there are no differential underregistration by age, the series 
of stable populations identified with D (5), D (10), ... D (60) will 
resemble each other. Deviations from conditions of stability in the 
recent past, as well as errors in the data would lead to a spreading 
out of the levels of mortality consistent with the cumulative propor- 
tions upto different ages. 


In the case of India it can bey assumed that approximately 
stable conditions exist (as there are no visible declines in fertility and 


12 


besides mortality declines have only second order effects), and further 
the intercensual rate of growth based on the censuses of 1961 and 
1971 will approximate the rate of natural increase during 1965-1966. 
It can also be assumed that the rate of natural increase for rural and 
urban areas are nearly the same 9. The mortality levels consistent 
with D(5), (D10), ... D(60) and the rate of natural increase of 22 per 
thousand are obtained by interpolation from the Coale-Demeny 
Model Life Tables. 


Table 6 


CUMULATIVE PERCENTAGES OF DEATHS UPTO AGE X (Dx) FOR RURAL AND 
URBAN INDIA, 1965 - 1966 


Age Rural Urban Rural Urban 
x Males Females Males Females Males Females Males Females 


A: Beginning at age Zero B: Beginning at age 5 
1 18.03 ed 19.18 19.98 — — — — 
4 34.98 35.99 82312 35:93 — — — — 
9. 40.39 41.49 36.22 40.37 8.32 8.59 9.92 11.19 
14 43.34 44.44 38.85 43.10 12.86 13.19 9.92 11.19 
19 46.12 47.43 41.31 46.21 17.14 17.90 13.54 16.05 
29 50.67 53.40 46.93 53.95 24.15 27.19 2033 28312 
39 56.28 59.61 53,39 60.94 2a 36.90 SHS ie 38.03 
49 63.60 65.98 GATT 66.96 44.03 46.85 43.69 48.42 
59 aoe 52 74.04 72.47 73.68 58.98 59.44 59.45 58.91 


100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 


Source: Computed from Table 4. 
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The estimated mortality levels based on the cumulative pro- 
portion of deaths and the rate of growth of 22 per thousand are shown 
in Table 7. In the A segment of the Table, the cumulative propor- 
tions are worked out beginning from the age 0, which corresponds to 
the age groups 0-4, 0-9, 0-15 etc. Inthe B segment of the Table 
the cumulative proportions are worked out beginning from age 5, 
and corresponds to the age groups 5-9, 5-14, 5-19 and so on. The 
computation of the levels of mortality associated with the cumulative 
death proportions beginning from age 0 is straightforward, as the 
figures can be read off or interpolated directly from the Coale- 
Demeny Tables. The computation of the levels associated with the 
proportion of deaths in the cumulative ages beginning from age 5 (B 
segment of Table 7) is however time consuming. One has to first 
convert the proportion of deaths at different levels of mortality and at 
different rates of growth given in the Coale-Demeny Table into the 
“new” stable death proportions beginning from age 5. These figures 
are then utilized for reading off or for interpolating the mortality 
levels associated with the cumulative death proportions shown in the 
lower segment of Table 6, and the assumed rate of growth. 


The results obtained are interesting. It is noticed that the esti- 
mated mortality levels in the A segment vary from 15.0 to 19.9 for 
males and from 13.8 to 19.2 for females in rural areas. In the case 
of urban areas the range is between 15.4 and 19.4 for males and 
between 13.8 and 17.8 for females. In either case the highest value 
relates to the age group 0-5 arising on account of the underregistra- 
tion of infant and early childhood deaths. The median levels for 
males and females are 15.4 and 14.4 respectively in rural areas and 
16.7 for males and 14.7 for females in urban areas. These estimates 
are likely to be overestimated on account of the trough in the 0-4 
age group, and the consequent understatement of the subsequent 
cumulative proportions. 


The cumulative proportions beginning from age 5 avoid the 
influence of the underregistration of infant deaths and therefore the 
median mortality levels obtained by this procedure are smaller, 
namely, 10.5 for males and 11.2 for females in rural areas and 13.5 for 
males and 12.2 for females in urban areas. The true levels of morta- 
lity are likely to fall between the two sets of values specified by the 
A and B segments of Table 7. In the situation prevalent in India, 
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Fig. 3: Mortality levels estimated from cumulative death proportions 
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ESTIMATES OF MORTALITY LEVELS BASED ON CUMULATIVE DEATH 
PROPORTIONS (Dx) FOR RURAL AND URBAN INDIA, 1965 - 1966 


Age Rural Urban Rural Urban 
x Males Females Males Females Males Females Males Females 


A: Beginning at age Zero B: Beginning at age 5 
1 19.9 1932 19.4 17.8 — — _ = 
4 16.3 1923 Vie ears — = oe as 
9 15.4 14.4 16.7 14.7 8.2 8.9 Is 11.7 
14 Post 14.2 16.5 14.6 9.0 10.1 £25 1202 
19 15.0 14.1 16.4 14.5 10.5 Ab 13.5 12.6 
29 15.4 14.2 16.5 14.1 L3Si bsg A) 12.3 
39 15 14.2 16.3 13.8 14.5 13] LSeh 12.1 
49 15.4 14.1 15.9 138 14.6 Hisar 14.7 12.6 
59 by 13.8 15.4 13.9 13.8 12.8 13.6 1351 
Median 
pever 15:4 14.4 16.7 14.7 10.5 11.2 1305 122 


——— 


* Median Levels based on first five values only. 


Source : Computed using Dx values shown in Table 6 and Coale-Demeny 
West Models. 


the life expectancy of males are higher than that of females, and 
secondly, the life expectancy in urban areas is likely to be higher than 
in rural areas. On these considerations, one may accept the levels 
of 13.0 for males 11.5 for females in rural areas and 14.0 and 12.5 
for males and females respectively in urban areas. The All India 
Mortality levels obtained as a weighted average of the rural and 
urban mortality levels are 13.2 and 11.7 for males and females 
respectively. These yield expectations of life at birth of 47.1 for 
males and 46.3 for females in rural areas and 49.6 for males and 
48.8 for females in urban areas. The estimated expectations of life 
at birth for All-India in 1965-1966 are 47.6 for males and 46.8 for 
females and the expectations of life at age 5 amount to 54.0 for 
males and 53.9 for females. These estimates seem to be realistic in 
the Indian context as shown by the analysis in the subsequent sections. 


Rectification of the Number of Deaths 


As a final outcome of this exercise, one could now rectify the 
errors in the data and compare the rectified death statistics with the 
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reported data. This is done by reading off from the Coale-Demeny 
West Models the infant mortality rates by sex and the age-sex specific 
death rates for rural and urban India corresponding to the levels of 
mortality estimated in the previous section, namely, 13.0 and 11.5 
for males and females respectively in rural areas and 14.0 and 12.5 
for males and females respectively in urban areas. These are shown 
in Table 8 along with the reported rates. (Also see Figure 4) It may 
be noticed that the discrepancy between the estimated and reported 
rates are at their maximum for infants, which is followed by a steep 
decline in the subsequent age groups and reach the lowest in the 5-9 
age group. There after it rises gradually and reaches a secondary 
peak in 20-29 and declines again. This pattern is observed in both 
rural and urban areas, but the discrepancy is greater in rural areas, 


Table 8 


ESTIMATED AND REPORTED DEATH RATES BY AGE AND SEX, RURAL 
AND URBAN INDIA, 1965 - 1966 


RURAL URBAN 
Age Males Females ‘Males Females 
Group Esti- Repor-_ Esti- Repor- Esti- Repor- Esti- Repor- 
mated ted mated ted mated ted mated ted f 
Under one 
year* 139°42¢ 73.88 - 138.92" 70:80" 124°53" “61.952 A230 Soe 
1-4 18.58 12.00 3.41" 11.98 15.64 12.29 20337 tal See 
5-9 4.16 3.07 ppl 2.91 3.65 3.02 4.61 2.92 
10-14 3.01 2141 4.05 2.18 2.66 2.26 3.58 peed, 
| tangs £ 4.43 2.95 545 2.98 3.97 2.61 4.86 3.39 
20-29 6.63 2.48 7.39 ar. 5.92 2.87 6.62 4.00 
30-39 8.73 BATA 9.38 3.90 7.78 4.35 8.56 eK 


40-49 13.26 6.49 11.79 HSL 12.07 8.21 10.76 6.92 
50-59 DROLS OI 2/3 19.45 10.58 21.58 17.64 18.02 12.14 
60+ 74.81 39.72 70.82 34.37 73223 SOD OF 68.27 49.56 


Allages 18.17 §.50 18.85 7.88 Togas} 9.70 1Gri12 9.63 


* Infant Mortality Rate 


Source : The estimated rates are derived from Coale-Demeny West Models 
corresponding to levels 13.0 and 11.5 for males and females 
respectively in rural areas and levels 14.0 and 12.5 respectively 
for males and females in urban areas. The reported figures are 
from Table 4. 
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Fig. 4: Estimated and reported age-sex specific death rates for 
rural and urban India 1965-66 
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The number of deaths in age-sex group in the two areas are 
estimated by multiplying the estimated population in each age-sex 
group by the corresponding estimated ,m, values. The number of 
infant deaths are estimated by applying the estimated infant mortality 
rates to the estimated number of livebirths by sex and rural-urban 
residence. (See Table 9). The crude death rates are estimated by 
aggregating the estimated numbers of deaths in the different age groups 
and expressing them in relation to the estimated total population. 


The following crude death rates were obtained: 


CRUDE DEATH RATE 


Males Females Both Sexes 
Rural 18.2 18.9 18.5 
Urban 2 16.1 1537 


Total 17.6 18.3 VEY 


The estimated crude death rates (18.5 for rural areas and 
15.7 for urban areas) appear to be reasonable in the light of some 
direct and indirect evidences 1°. Also the crude birth rate (40.1) 
which is derived by adding the crude death rate to the assumed 
growth rate also appears to be realistic. 


Based on the observations in Table 8, a set of correction 
factors derived for each sex for rural and urban India are shown in 
Table 10 (Also see Figure 5). If it can be assumed that the degree 
of inaccuracies in the data will remain the same inthe next few 
years, one could utilize these correction factors to rectify the 
reported annual number of deaths in rural and urban India. 


Rectification of the Infant Death Rate 


The infant mortality rate calls for special comment both in 
view of its importance as an indicator of social well-being and also 
because it is an area where the Indian demographic data are weak. 
In the past, the census actuaries have somehow assumed a value or a 
range of values for the infant mortality rate and proceeded to cons- 
truct the census life tables. Depending upon the value assumed the 
estimates of expectancy of life at birth tended to vary 11. Also 
the uncertainty in the level of the infant mortality rate introduced 
an element of uncertainty in the estimates of all vital rates. 
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Table 10 


CORRECTION FACTORS FOR AGE SPECIFIC DEATH RATES 


Age Rural Urban 
Group Males ~—-—sC#Feemales | Males Females 
0 3.64 4.11 PGA 2.44 
1-4 155 1.95 L:27 1.55 
5-9 eS 1.79 1.21 1.58 
10-14 1.40 1.86 1.48 1.59 
15-19 1.50 1.83 lene 1.49 
20-29 2.67 py ip 2.06 1.66 
30-39 2.34 2.41 1.79 . 1.61 
40-49 2.04 2.14 1.47 1.56 
50-59 1.81 1.84 1.22 1.48 
60 + 1.88 2.06 1.21 1.38 
All Ages 2.16 2.40 1253 1.69 
Source : Computed from Table 8. 


According to our estimates the infant mortality rates in 1965- 
€6 were 139.4 and 138.9 for males and females respectively in 
rural areas and 124.5 and 125.0 for males and females respectively 
in urban areas, These estimates are consistent with the limited 
direct evidence that indicate high infant mortality as well as indirect 
evidence based on the relationship between the crude death rate and 
the infant mortality rate 12. The infant death rates for rural and 
urban areas derived here may therefore be taken as valid. 


In order to correct the number of infant deaths classified 
according to age segments, several approaches were explored. In 
the first approach international data on infant deaths classified 
according to age were examined to arrive at the relationship between 
the infant death rate on the one hand and the rates for under one 
week, one week to one month, one month to six months and finally 
for six months to one year. The observed relationships could be 
utilized to estimate the infant death rates by age classes for rural 
and urban India. While the data did reveal clear positive relation- 
ships between infant death rates and those for the different age 
segments, there were several countries which deviated from the fitted 
relationship *°. Part of the explanation for this may be the differing 
degrees of accuracy of the datafor the different countries, but 
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partly there may be different regional and national patterns in infant 
mortality which may be influenced by different social and cultural 
factors. Therefore until these factors are investigated, international 
patterns could not be utilized to correct the data. 


The sécond approach attempted to establish the relationship 
based on data for a few areas of India known for good registration. 
This was given up as the data were not sufficient for this purpose. 
The third approach which was finally adopted utilized the following 
average 1965-1966 proportions of infant deaths by age segments 
computed for major cities of India. 


Table 11 


RECTIFIED NUMBERS OF INFANT DEATHS AND INFANT DEATH RATES 
FOR RURAL AND URBAN INDIA, 1965 - 1966 


Rectified number of infant Rectified infant morta- 
deaths lity rates 
( in thousands ) (per 1000 livebirths ) 
Both Both 
Males Females Sexes Males Females Sexes 


Infant deaths ( Under one week ) 


Rural 292 233 525 51.8 43.1 47.6 

Urban 58 46 104 46.3 38.3 42.5 

Total 350 279 629 50.9 42.2 46.6 
Infant deaths ( One week to one month ) 

Rural 167 159 326 29.7 29.5 oe) 

Urban a5 32 65 26.3 26.7 26.5 

Total 200 191 391 291 28.9 29.0 
Infant deaths ( One month to six months ) 

Rural 183 190 RY Sy ea | 35° 1 33.8 

Urban 36 38 74 28.7 34.7 30.2 

Total 219 228 447 31.8 34.5 3301 
Infant deaths ( Six months to one year ) 

Rural 143 169 312 25.4 3 le 28.3 

Urban 29 34 63 2332 28.3 Vase | 

Total | YAP 203 a5 25.0 30.7 27.8 
Infant Deaths ( Total under one year ) 

Rural 785 751 1536 139.4 138.9 139.1 

Urban 156 150 306 124.5 125.0 124.9 

Tota] 941 901 1842 136.8 136.3 136.5 


a 


Suorce: Derived from Table 9. 
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These proportions on application to the estimated number of 
infant deaths yielded the number of infant deaths in different age 
segments shown in Table 11. A comparison of the estimated 
figures with the reported data shows that the discrepancies are acute 
in the case of the deaths occurring in the first week. This is 
attributable to the fact that infants who die soon after they are born 
are unlikely to be recorded in the birth and death registers. In the 
subsequent age segments the percentage of completeness gradually 
improves and in the last age segment (six months to one year) it is 
40 per cent complete in rural areas and 53 per cent complete in 
urban areas, as seen from the following figures. 


PERCENTAGE COMPLETENESS OF REGISTRATION 
OF INFANT DEATHS 


Rural Urban 


Males Females Males Females 
Under One week 18 i/ 40 39 
One week to One month 24 20 36 31 
One month to Six months 30 26 50 45 
Six months and over 46 36 Sh kode 47 
Under One year p74; 24 45 41 


These calculations show that the registration of allinfant deaths 
is only 25 per cent complete in rural areas and 43 per cent complete 
in urban areas. 


Comparison with earlier estimates 


The estimates derived here show that mortality has further 
declined during 1956-1966, an observation consistent with what 
one should expect in the context of the socio-economic developments 
during this period. However the extent of the decline calls for 
some comment. If the official estimate of e® for the 1941-195] 
and 1951-1961 decades are taken as correct, this would suggest that 
the improvement in the expectancy of life at birth during 1956-1966 
has been only 6.0 years against an improvement of 9.1 years 
during the preceding 10 years. (see Table 12 ) 
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COMPARISON 


Source Period of life Mortality Death Birth 
: at birth Rate Rate Rate 
1. Present Study © 1965—66 47.2 137 17.9 40.1 
Census Actuary 1941—51 B2.1 183 27.4 39.9 
1951—61 41.2 146 2218 41.7 
3. Visaria 1941—51 S3c1 236 30.0 42.6 
1951—61 37.4 202 25 44.9 
4. Coale & Hoover 1951 3282 225 31.0 43.2 
5. Expert Committee 1966 DU-2 118 15.6 39.8 
6. Sample Registration 1968* 47.1 137 16.8 39.0 
Sources : 1. Estimates derived in the preceding sections. 
2. United Nations, Demographic Yearbook, 1966 pp. 574 and 594 
3. P.M. Visaria “ Mortality and Fertility in India, 1951-61 ”° 
Milbank Memorial Fund Quarterly, Vol. XLVII* No. 1, Jan. 
1969 Part 1, p. 111. The IMR shown is the average for both | 
sexes derived from the rates in Coale-Demeny West Models 
associated with mortality levels 6.85 and 6.63 for males and 
females respectively in 1946 and levels 8.47 and 8.53 for males 
and females respectively in 1956. 
4. Ansley J. Coale and Edgar Hoover, Population Growth and 
Economic Development in Low income Countries, op. cit p. 38. 
5. Report of the Expert Committee, 1968 op. cit pp. 29-30. The 
figures shown are averages for 1961-65 and 1966-71. The 
IMR shown was arrived at by following the assumptions of 
the Expert Committee. 
6. Sample Registration Bulletin Vol. 5 No. 2 (Oct.-Nov. 1971). 


Table 12 


OF THE PRESENT ESTIMATES WITH OTHER ESTIMATES 


Expectancy Infant Crude Crude 


The e? value is the average for both sexes estimated from 


Coale-Demeny West Models corresponding to the infant death 
rates shown in Col. 4. 


* For rural areas only. 
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This is somewhat surprising in the context of the strides made 
in the field of public health during the second and third five year 
plans covering the period 1956-1966 14. Instead of a deceleration 
of the pace in improvement of life expectancy at birth from 0.9 year 
per annum during 1946—56 to 0.6 year per annum during 1956—66 
noticed above, one should actually expect a more rapid improvement 
during the latter period. There are two possibilities that deserve 
examination in this context. 


a. The estimate of expectancy of life at birth derived in this 
study may be an underestimate, or 


b. The census actuary’s estimate of expectancy of life at 
birth for 1951—61 may be an overestimate. 


The direct evidences from the Sample Registration Scheme, 
and indirect evidences based on observations for areas with better 
registration mentioned earlier makes the first possibility, unlikely. 
On the other hand, these evidences seem to point out that the 
estimate of the expectancy of life at birth for 1951—61 arrived at by 
the census actuary may well be overestimated. The method adopted 
by the census actuary for the construction of life tables for 1951-61 
is essentially one of obtaining survivors of different cohorts after 
smoothing the age distributions of 1951 and 1961, supplemented by 
an assumption regarding the infant mortality rate. The assumed 
infant mortality rates (153.2 for males and 138.3 for females in 1956) 
are far too low not only compared with those in model life tables !5, 
but also in comparison with the the infant mortality rates observed 
from the SRS for later years '®. The underestimation of infant 
mortality alone may account for the high value of expectancy of life 
at birth obtained by the census actuary. 


If instead of the census actuary’s estimate, the estimates of 
e°? made by Visaria (33.1 for 1941-51 and 37.4 for 1951-61) are taken 
as correct, then the improvement in expectancy of life at birth during 
1956-66 works out to 9.8 years as against only 4.3 years during the 
preceding ten years. This would indicate that the pace of decline in 
mortality has indeed accelerated during 1956-66, as might be antici- 
pated in the context of the expansion of health activity that had 
taken place during this period. 
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This is in accordance with the observations of United Nation 
regarding the pace of improvement in longevity associated with eco- 
nomic and social development, and expansion of health services. 
The United Nations study observed an acceleration of the pace of 
improvement in the initial stages, which is followed by a decrease 
in the pace when the “‘soft rock” causes of mortality are eliminated’ ?. 
When the high rates of infant and maternal mortality and 
mortality due to infectious and parasitic diseases prevalent in India 
there is still considerable scope for elimination of the ‘soft rock”’ 
causes, and the present pace of improvement in longevity is likely to 
continue at least till the end of the present decade? ®. 


Final Remarks 


This study shows that the death registration statistics for 
India, which are deficient in many respects, can be evaluated and 
rectified by utilizing the available supportive material from censuses, 
Sample Registration System and other sources, supplemented by 
international experience as embodied in the model life tables. The 
estimates of expectancy of life at birth (47.6 for males and 46.8 for 
females in 1965—66) derived in this study seem to suggest that the 
census actuary’s estimates for 1951—61 are on the high side due to 
a possible underestimation of infant mortality rate for this period. 
This study also indicates that the pace of improvement in longevity 
has accelerated during 1956—66 compared to the preceding decade. 
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NOTES 


The states included are Andhra Pradesh, Gujarat, Haryana, Kerala, Madhya 
Pradesh, Tamilnadu, Maharashtra, Mysore, Orissa, Punjab, Uttar Pradesh, 
West Bengal and Himachal Pradesh. The Union Territories of Delhi and 
Chandigarh are also included. 


V. G. Valaoras, ‘‘ Testing Deficiencies and Analytical Adjustments of Vital 
Statistics’’, Proceedings of the World Population Conference, Belgrade, 1965, 
Vol. III, pp. 190-194. 


The Registrar General has estimated the underregistration to be 47.5 
per cent for births and 41.5 per cent for deaths in rural areas in 1966. See 
Vital Statistics of India, 1966 p. viii Statement 3. The analysis in this 
paper shows that these estimates of degree of underregistraion are them- 
selves far too low. 


For example, Ansley Coale and Edgar Hoover estimated the birth rate 
to be 40.9 in 1961-65. See Ansley Coale and Edgar Hoover Population 
Growth and Economic Development in Low Income Countries Princeton : 
Princeton University Press, 1959 p. 38. The Expert Committee assumed 
a birth rate of 41.0 for 1961-1955 and 38.6 for 1966-1970. See Office of 
the Registrar General, Report on the Population Projections Worked out 
Under the Guidance of the Expert Committee, New Delhi 1968. 


Based on information obtained from hospitals and health centres through- 
out the country during the period 1949-58, Ramachandran and Deshpande 
obtained all-India average of 106 male livebirths to 100 female livebirths, 
See K. V. Ramachandran and V. A. Deshpande “ The Sex Ratio at Birth 
in India by Regions” The Milbank Memorial Fund Quarterly, April 1964 
Vol. XLII No. 2 Part 1, p. 93. 


See P. K. Nambiar and K. E. Vaidyanathan, Demography and Vital 
Statistics Report for Madras State Census of India 1961 Vol. IX Part I. B. 


This rule of thumb is supported by the observation in the subsequent 
sections and Table 9, which show that the percentage of underregistration 
at ages one and over is about three-fifth of the percentage of under- 
registration of infant deaths. 


The method adopted for arriving at the mortality level is the one recom— 
mended by the United Nations, See United Nations Manual IV. Methods 
of Estimating Demographic Measures from Incomplete Data, New York 
1967 (ST/SOA/Series A/42) p. 7-30. In these calculations the Coale- 
Demeny, Regional Model Life Tables and Stable Populations, Princeton 
University Press, Princeton N. J. 1966. 


The effect of a violation of this assumption on mortality is not likely to 
be as serious as the effects of age misreporting or underreporting of deaths. 
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10 The direct evidence is from the Sample Registration Scheme (SRS) which 
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gave an estimate of Crude Death Rate of 16.8 per thousand persons 
for rural India in 1968. The indirect evidence is provided by the crude 
death rates for major cities and special health areas which were 12 and 
11 per thousand persons respectively in 1965-66. The rates for urban 
and rural areas should be higher than these figures. 


Coale and Hoover found that infant mortality rates of 200 and 250 are 
associated with expectancies of life at birth of 34.1 and 30.2 respectively. 
See Ansley Coale and Edgar Hoover op cit page 54. 


The direct evidence comes from the SRS which gave an infant mortality 
rate of 136.8 for 1968 in rural India. The indirect evidence is based 
on the relationship between the crude death rate and infant mortality 
rate derived by Coale and Hoover on the basis of data for Special 
Health -Areas. (See Ansley Coale and Edgar Hoover op cit page 52-53.) 
The crude death rates obtained earlier are associated with IMRs of 140 
and 125 respectively. 


Over 50 observations for 30 countries were assembled from the United 
Nations Demographic Yearbooks, 1951, 1961 and 1968 and plotted on 
a graph with infant mortality rates on the X-axis and the rates for 
different age segments on the Y-axis. 


As against an allotment of Rs. 140 crores for health programmes in 
the first plan, the outlay in the second & third plans were Rs 225 crores 
and Rs 341 crores respectively. During this period expansion of every 
sector of health activity is visible. See A. Chandrasekhar and G. R. Nair, © 
“The Administrative Implications of Rapid Population Growth in India’’ | 
EUROPA Conference on Administrative Implications of Rapid Population 

Growth in Asia, Manila, May 1971. 


The infant mortality rates associated with e€ > of 41.89 for males and 
40.55 for females are 172 and 178 respectively. 


The SRS yielded an infant mortality rate 136.8 per thousand livebirths 
in rural areas in 1968. Therates for 1956 should have been considerably 
higher than this figure. 


United Nations, Population Bulletin No.6, with Special Reference to the 
Situation and Recent Trends in Mortality in the World, pp. 48-49. 


The Expert Committee which worked out the population projections for 
India upto 1986 assumed that the expectancy of life at birth will 
improve at the rate of 0.9 and 0.75 years per annum during 1956-70 and 
1971-80 respectively. See Report of the Expert Committee op cit p. 7. While 
the assumption seems to be justified, the resulting estimate of expectancy 
of life at birth for 1966 (50.9 for males and 49.6 for females) seems 
to be overestimated because the base figures for these calculations namely 
the census aciuary’s estimate of ef, for 1951-61 are on the high side- 


Infant Death Rates in Poona City: 
An Evaluation 


Kumudini Dandekar and Vaijayanti Bhate 


Anyone familiar with Indian vital registration knows how 
risky it is to give a single dependable value for infant mortality 
for any part of the country. The construction of life table for any 
region of the country is therefore often based on alternative 
assumptions regarding infant mortality. These alternatives often 
covered a big range of values between which the truth is expected 
to lie. In this paper we have examined the registration data for 
Poona city in Maharashtra State in order to throw light on the 
extent of errors in the infant death rates in a premier metropolitan 
city of India. In this evaluation we have utilized certain assumed 
relationships between the extent of accuracy of birth rate, death 
rate and infant death rate. 


To get a rough check on the registered infant mortality rate 
for the city of Poona, the association between the crude death 
rate and the corresponding infant mortality rate as observed by 
Ansley Coale and Edgar Hoover! was utilized. Coale and Hoover 
worked out the association between crude death rate and infant 
mortality rates in some areas of India known for their good 
registration. This included Singur (1947-50 and 1951-54) and the 
suburbs of Calcutta in West Bengal, Ramanagaram in Mysore State, 
Sirur in Maharashtra State and Poonamallee in Madras State, most 
of which were observed in the early fifties. The association 
observed by them is shown in Graph I, where crude death rates 
based on deaths at all ages are put on the X-axis and the infant 
mortality rates on the Y-axis. Though the association observed 
in Graph 1, related to non-city areas, the relation could hold good, 
at least broadly, for the city of Poona too. Hence the values 
of the registered infant mortalily rates and corresponding crude 
death rates for the eighteen years from 1948 to 1966 were put on 
the same graph. 
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Crude death rate per 1000 population 


Registered crude and infant mortality rates in Poona city 
for various calendar years 


Two points are striking. Firstly, the registered infant 
mortality rates for the early years of nineteen-fifties and for the 
period prior to 1950 were higher than those estimated on the basis 
of the Coale-Hoover line. Secondly, the points representing later 
years though fell in line with the Coale and Hoover regression 
line, their location was not clustered about the line. For 
consecutive years they seemed to be concentrated either below or 
above the line. These deviations can only be explained partly by 
errors in the registered death and infant death rates and partly 
by the possibility of regression line being changed. Since infant 
mortality rates are ratios of infant deaths to live births the 
errors in the infant mortality rates can arise from the deficiencies 
in the registration of births as well as of infant deaths. In 
short, the registered rates needed correction, both for under- 
registration of births as well as deaths and especially the infant 
deaths. 


In Table 1, the number of registered live births, infant 
deaths and their number per thousand live births are set out for 
inspection. The number of births in the city increased from 
about 14,000 to more than 23,000 during 1951 to 1966.2 The 
average number of infant deaths on the other hand remained a 
little less than 2000, throughout the period under conside- 
ration. Naturally the infant death rate obtained from the ratio 
of infant deaths to live births decreased by one-third during this 
period from about 137 in 1951 to 91 in 1966. Some explanation 
seemed necessary for an observed trough in the number of infant 
deaths and the death rate for the years 1956 to 1961. But otherwise 
the trend of infant death rate seemed trustworthy although its 
levels may not be equally accurate at all points of time. 


The Infant Mortality rate is affected by two kinds of errors: 


a. Deficiencies in the reporting of births, and 
b. Deficiencies in the reporting of infant deaths. 
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Table: 1 


NUMBER OF LIVE BIRTHS AND INFANT DEATHS REGISTERED IN THE 
POONA MUNICIPAL CORPORATION AREA AND INFANT DEATHS PER 1000 
LIVE BIRTHS FOR VARIOUS CALENDAR YEARS, 1951 - 1966 


Calendar Registered Registered Infant deaths 
year live births infant deaths per 1000 
live births 
1951 14,370 1,974 137.4 
1952 14,704 1,975 134.3 
1953 13,956 1,935 138.7 
1954 14,191 1,895 ES 
1955 17,510 1,878 [O73 
1956 16,995 1,611 94.8 
1957 17,624 1,676 95.1 
1958 17,104 1,454 85.0 
1959 16.650 P52 91.6 
1960 16,436 1,563 OF 
1961 17,385 1,524 S77 
1962 16,183 1,813 112.0 
1963 18,268 1,874 102.6 
1964 19,904 2,084 104.7 
1965 20,636 2,063 100.0 
1966 22,952 2,091 91.1 


Source: The vital registration records of the Poona Municipal Corporation. 


Both these possibilities may be examined. To begin with, 
we may consider the question whether the registration data on 
births are trustworthy. In orded to assess their reliability we 
present in Table 2, the birth rates for the city along with the 


Sex-ratios among live births in. terms of males per hundred 
females. 
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Table 2 


REGISTERED BIRTH RATES AND SEX RATIOS AMONG LIVE BIRTHS 
FOR POONA MUNICIPAL CORPORATION, 1951 - 1966 


Calendar Birth rate Sex ratio 
Year among live births 
195] 29.9 106.4 
1952 29.9 109.9 
1953 27.8 110.4 
1954 27.6 105.5 
1955 33.4 109.5 
1956 Sted 107.4 
1957 Be? 105.0 
1958 30.6 103.5 
1959 29.1 107.4 
1960 28.1 107.7 
1961 | 29.1 108.6 
1962 241 105.7 
1963 27.3 107.7 
1964 29.1 107.8 
1965 29.5 110.7 
1966 322 110.6 


(a) Deficiencies in the Registration of Births 


The birth rates observed in Table 2, appeared generally lower 
for the period under consideration and especially so for the early 
fifties. They increased from 26 to 33 births per thousand of popu- 
lation during 1950-55 and decreased from 33 to about 29 births per 
thousand population during 1955-65%. Such results not being anti- 
cipated raised doubts regarding the registration data. There was no 
reason to have a birth rate much lower than 40 births per thousand 
of population observed nearabout 1950. Contraceptive practice was 
rare in this period. Moreover the results of the sample survey in 
1951 yielded a birth rate of about 40.0 per thousand of population‘. 
The census of 1951 also did not reveal a low birth rate for that year. 
There were thus strong reasons for doubting the registration data on 
births nearabout 1951. The boundaries of the city had changed 
in 1951 when Poona City Municipality attained the status of a 


35 


Corporation. The area of the city changed from 18 square miles to 
50 square miles with such change in status. With the major changes 
in the boundaries, there is often a time lag before the efficiency in 
administration reaches all the quarters. That is why perhaps the 
registered rate of births increased from 26 to 33 during 1951 to 1955. 


The suspicion regarding reliability of birth registration was 
further strengthened by the reports from the Department of Vital 
Registration for the city. According to them increasing efforts 
were being made in order to improve the vital registration of the 
city but still without complete success till 1966. They reported 
that any attempt at combing out unregistered births especially in 
the slums of the city revealed some unregistered events even in 
1966 and this indicated underregistration of births in the city. 


The sex-ratio at birth is a biological factor not expected 
to have much regional variation. Very often the value of the 
sex-ratio at birth assumed for India is nearabout 105 males per 
100 females. Occasionally a range of values like 104 to 107 male 
births to 100 female births is assumed for the Indian communities. 
The sex-ratios observed in the registered births for various regions | 
in the country varied so much that one did not trust them. The 
ratios observed in the 15th round of N.S. S. (2nd subsample ) 
varied from 96 to 125 male births per hundred female births 
in various states of the country. In most of the countries that 
have reliable data the sex-ratio at birth was observed to be 105 
or 106. The ratios observed in various states in India could 
often be the result of underreporting of female births. One 
therefore wondered whether there was underregistration of female 
births in the city of Poona too. The sex-ratio at birth for the 
city given in Table 2, consistently indicated a value nearabout 108 
male births to 100 female births. The value was observed to be 
comparatively regular in the registration of the city for all the 18 
years under observation in spite of the probable changes in the 
level of reliability of the registered data during 1948-1966. In 
other words, with more reliable registration data, there is no 
recognizable change in the sex-ratio at birth. This perhaps meant 


that the underreporting of births, if any, was not restricted more 
to one sex than to the other. 
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(b) Deficiencies in the Reporting of Infant Deaths 


The number of infant deaths in the city remained nearabout 
two thousand during the period under consideration (see Table 1). 
This was observed in spite of the rise in the population of the city. 
But since the infant mortality rate was supposed to have declined 
during this period, one could believe in almost a constant number 
of infant deaths observed in the register except for recognizable 
underreporting in 1956 to 1961. However there has been a steady 
decline in the infant death rates especially after 1961 which is in 
accordance with our expectations. 


If one suspected registration of births, one should also 
Suspect the registration of infant deaths, particularly of those 
deaths occuring in the very early period of life. Some births per- 
haps remained unregistered because of early deaths among the 
births. Earlier the death, the greater the possibility of its being 
missed. According to estimats of underregistration of births and 
deaths by the Office of the Registrar General the proportion of 
unregistered births was always smaller than or equal to the pro- 
portion of unregistered deaths in most of the States.°. Therefore 
if (a) the proportion of unregistered births was smaller than 
or equal to the proportion of unregistered deaths, and if (b) the 
underregistration was assumed to be mostly restricted to infant 
deaths,® then the expected infant mortality rate for the city of Poona 
was bound to be larger than the registered infant mortality rate. The 
above observations have been utilized in the subsequent sections for 
evaluating and adjusting the infant mortality rates for Poona city. 


Correction of Registration Data on Births 


Assuming that the birth rate for Poona was about 40 births 
per thousand in 1951 as observed in the survey of the city the rates 
for the following calendar years were estimated on the basis of the 
expected decline in birth rate as a result of the number of steriliza- 
tions and other contraceptive practice. The registered birth rates 
were compared with the expected rates for the corresponding years 
and estimates of the percentages of underregistration of births were 
obtained. The percentages of unregistered births given in the last 
column of Table 3, do not seem untrustworthy. Only the figure 
for 1964 looked suspiciously low. A reasonable value that could be 
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Table 3 


THE ESTIMATED PERCENTAGES OF UNDERREGISTRATION OF BIRTHS 
IN VARIOUS CALENDAR YEARS, 1951-1964 


ee ye ee es ce Pe 


Expected Registered Estimated 
Calendar birth rate birth rate percentage of 
Year per 1000* per 1000** underregistration 
Py eh pe ee a 
1951 40.0 29.9 25-3 
1952 39.9 29.9 25.0 
1953 39.6 27.8 29.8 
1954 39.2 AIRS 29.5 
1955 38.7 33.4 1327 
1956 3822 alti WAY 
1957 37.6 322 14.4 
1958 3 36.9 30.6 V2 
1959 36.1 295) 19.4 
1960 35.1 28.1 19.9 
1961 33.9 29.1 14.1 
1962 32.8 24.7 14.3 
1963 31.9 27.3 14.4 
1964 31.4 29.1 13 


* Estimated on the basis of a birth rate of 40 at the beginning and the 
estimated number of births prevented every year as a result of sterilization 
and other contraceptive practice. For more details see Chapter IV of 
Prospects of Population Control - Evaluation of Contraception Activity by 
Kumudini Dandekar and Vaijayanti Bhate. Gokhale Institute Studies — 
No. 58. 


Not estimated due to its inconsistency with the trend observed for 
other years. 


*K 


assumed for 1964 was 14 instead of 7 for consistency with immedi- 
ately preceding years. In that case the estimate of birth rate in the 
second column will be 33.8 births per 1000 population for the year 1964. 


Correction of Registration Data Regarding Deaths and Infant Deaths 


On the assumption stated earlier the underregistration of 
deaths was considered to be of the same order as that of births and 
further that the failure to register deaths was mostly due to failure to 
register infant deaths. On the basis of this assumption the numbers 
of unregistered infant deaths were calculated. They are shown in 
Table 4. Prior to 1955 the underregistration of births and deaths 
was of a diffrent order than from 1955 onwards. It may possibly 
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be due to a lag between the change in the boundaries of the city and 
the attainment of comparable efficiency in registration in the areas 
newly included in the city boundaries. 


If the registered number of births and deaths was corrected 
as discussed above, the association between the crude death rates and 
infant mortality rates could be re-examined. The corrected rates 
are presented in Graph 2. Anindependent regression line was 
fitted for the city of Poona, ignoring the observations before 1955 
since the degree of registration in the early fifties was not on 
par with those for subsequent years, and consequently the assump- 
tion that underregistration of deaths is confined to infant deaths 
could not hold good for this period to the same extent as for the 
later years. 


The regression line between infant and crude death rates for 
Poona city is shown in Graph 2 along with the Coale-Hoover 
Regression line. Two points may be noted about the difference 
between the two. One is that the regression line for Poona city 
gives higher infant mortality rate than the rates observed for 
non-city communities from the Coale and Hoover regression line. 
Secondly, the slope of the regression line for Poona city is slightly 
smaller than thatfor the non-city areas. These could lead to two 
conclusions. The contribution of infant mortality to total morta- 
lity in the city was slightly higher than that in the non-city area. 
It is difficult to explain why this should be so, although the 
congestion in cities like Poona may be one possible factor? explain- 
ing relatively higher infant mortality there. Secondly, the fall in 
infant mortality rates for a unit decline in crude death rate is 
Slightly smaller in the city than in the non-city area. The latter 
difference is however very small and could be neglected. 


In the absence of any other better method of estimation, the 
infant mortality rates for the survey years 1951 to 1964 were 
adjusted by fitting a straight line to the corrected infant mortality 
rates for the period 1955 to 1964. These are set out in the last 
column of Table 4. Theestimates of infant mortality rates for 
1951 and 1964 were 162 and 132 deaths per thousand live births 
respectively. This indicates a decline of about one fifth in a little 
over adecade. The estimated infant death rate of 150 for 1956 is 
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higher than the infant death rates for the mid 1651-1961 decade 
assumed by the census actuary for All-India. It is difficult at this 
stage to compare the levels of infant mortality ina city like Poona 
with that of the country asa whole, and this calls for improved 
data and detailed evaluations. 


Concluding Observations 


This paper attempts an examination of the registration data 
on infant death rate for errors arising from deficiencies in the regist- 
ration of births as well as infant deaths. The departure of the 
observed data for Poona from those based on the Coale-Hoover 
regression line between infant death rates and crude death rates seem 
to indicate deficiencies both in the registration of births as well as 
infant deaths. The birth rates are adjusted with reference to other 
evidences including contraceptive practice, and on the assump- 
tions that (1) the extent of underregistration of deaths is of the 
same order as that of births and (2) the underregistration of deaths 
arises mainly on account of underregistration of infant deaths, 
it is possible to estimate the infant death rates for the different 
years. An examination of the relationship between these corrected 
death rates and infant death rates seemed to indicate that at least for | 
the earlier part of the period under consideration, the assumptions 
made are not valid. It was therefore decided to adjust these © 
estimates by means of a linear equation fitted to the estimates for 
the period 1955 onwards. 


The estimates obtained after this adjustment seem to be 
trustworthy ; the estimates of infant death rates for Poona city for 
1951 and 1964 came to be 162 and 132 respectively, as against the 
registered infant death rates of 137 and 105. There has been little 
improvement inthe degree of accuray of infant death rates as 
measured by the ratio of the registered rate to the estimated rate. 
The decline in the infant death rate during the intervening period is 
only of the order of one-fifth, which is surprisingly very small. 
Not only is the level of infant death rates higher than those generally 
assumed, the decline in the infant death rate during a period of 
economic development is smaller than anticipated. These call for 
further investigation which will be possible only if more reliable and 
representative data become available for the entire country. 
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NOTES 


See Ansley J. Coale and Edgar Hoover, Population Growth and Economic 
Development in Low Income Countries, Princeton, N. J. Princeton 
University Press, 1959, p. 53. 


The data prior to 1951 may not be strictly comparable with the figures 
for subsequent period due to changes in the boundary of the city; 
moreover the municipality of Poona attained Corporation status in 1950. 


The slight increase in birth rate in 1966 may be fortuitous due to errors 
in mid-year population estimates or fluctuations in the numbers of births. 


Survey of Fertility and mortality in Poona District (Publication No. 27 of 
the Gokhale Institute, Poona) by V. M. Dandekar and K. Dandekar. 


Registrar General, India, Vital Statistics of India, 1961 page KL of 
Introduction. 


This could be true only when the extent of underregistration was below 
a specific level. In the case of Poona city this could be assumed without 
being much in error. 


A study by Vaidyanathan for Madras city shows higher infant mortality 
in slums and other congested areas of Madras city. See Census of India, 
1961 Vol. IX Madras State Part IB. Demography and Vital Statistics 
Report. Chapter on Mortality Differentials. 
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Measures of Mortality from Indian Sample 
Registration System 


V. K. Ramabhadran and V. S. Swamv 
Introduction 


In this paper, some measures of mortality for India are 
presented based on the data collected through the Sample Registra- 
tion System (SRS). The Sample Registration System (SRS) is a 
Miniature registration system ina random sample of villages and 
urban blocks with a local enumerator recording continuously the 
births and deaths as they occur coupled with a periodic survey by 
a supervisor. This system thus combines the advantages of 
continuous registration and a retrospective survey once in six months. 
After the completion of the six-monthly survey, the results of the 
survey are compared with the local enumerator’s record. Matching 
is done item by item. The partially matched and unmatched events — 
are re-verified in the field and an unduplicated count of events is 
then obtained’. In respect of the death events, the recorded informa- 
tion includes the age of the deceased, sex and other related 
particulars. The scheme was extended to urban areas of most of the 
states only in the latter half of 1969 and therefore the data from 
SRS for urban areas are available only for a few of the states. The 
available data for rural and urban areas are utilized for deriving 
several measures of mortality described in the subsequent paragraphs. 
It should be pointed out that the estimates may be affected by 
Sampling fluctuations and also by the possibility of a violation of 
the independance of the two sourees of records on the basis of 
which these estimates are derived. 


The Crude and Standardized Death Rates 


The simplest measure of mortality is the crude death rate 
defined as the number of deaths in a year divided by the mid-year 
population of that year, multiplied by the factor 1000. This measure 
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does not take into consideration the age and sex composition of 
the population. Consequently, to provide a meaningful comparison 
of the levels of mortality in rural and urban areas, the standardized 
death rates have been worked out with the estimated population of 
India in 1968-1959 as the standard. The estimates of crude and 
standardized death rates for rural and urban India for the years 
196& and 1969 are presented below : 


Table 1 


CRUDE AND STANDARDIZED DEATH RATES FOR INDIA, 
1968 AND 1969 


1968 1969 
Crude Death Rate 
Rural 1.8+ 19; 135+ 
Urban — 11.4+++ 
Standardized Death Rate 
Rural 17.9 18.4 
Urban — 14.0 


Source: Data from Indian Sample Registration System. See Office of Registrar 
General, India, Measures of Fertility and Mortality in India, S.R.S. 
Analytical Series No. 2, 1972. 


Footnotes : +Excludes Bihar, Haryana, Himachal Pradesh, Madhya Pradesh, 


Nagaland, Orissa, Tamilnadu, West Bengal and Union 
Territories. 


++Excludes Bihar, Himachal Pradesh, Madhya Pradesh, Nagaland, 
Orissa, West Bengal and Union Territories. 


+++Data relates to only six states, namely, Assam, Jammu-Kashmir, 
Mysore, Punjab, Rajasthan and Uttar Pradesh. 


It is evident from the above Table that mortality is definitely 
lower in urban areas when compared with rural areas?. This isa 
reflection of the relatively greater availability of medical, public 
health, sanitation and drainage facilities in urban areas. The rural- 
urban differential in mortality observed here manifests itself in every 
measure of mortality presented in the subsequent sections. 


45 


Infant Mortality Rate 


Mortality takes a heavy toll in the first year of life. The 
infant mortality rate refers to the ratio of the total number of 
annual infant deaths below one year to the total number of births 
in the same year multiplied by 1000. The infant mortality rate is 
often considered as an index reflecting the state of public health 
and hygiene, environmental sanitation, cultural and socio-economic 
development. Mortality during the first year of life can be broken up 
into two main phases, namely neo-natal mortality, occurring during 
the first four weeks and post-natal mortality occurring within the 
remainder of the first year of life after birth. The neo-natal mortality 
rate serves aS an approximate index of that component of infant 
mortality which is attributable to endogenous factors, while the 
post-natal rate serves as an index of exogenous factors of infant 
mortality®. The latter is amenable to environmental and medical 
control than the mortality occurring shortly after birth. Table 2 


presents the infant mortality rates by sex and age for rural and 
urban India. 


Table 2 


INFANT MORTALITY RATE BY AGE AND SEX, RURAL AND URBAN 
INDIA, 1968 AND 1969 


Infant Mortality Rate 


Sex Below7 7to28 29 days 7-12 Total 


days days to months 
6 months 
Rural, 1968 M 46.0 33.4 shiny 4 20.9 136.0 
F 40.4 219 425 26.9 inks 
Rural, 1969 M 44.4 29.4 48.1 20.4 142.3 
F 41.0 34.9 47.7 24.5 148.1 
Urban, 1969 M 33.9 20.6 26.3 13.9 94.7 
F 24.2 17.4 28.0 13.0 82.6 


Source: Data are from Indian Sample Registration System. See Office of 
Registrar General, India, Infant Mortality in India, S.R.S. Analytical 
Series No. 1, 1971. 


Footnotes: See Table 1. 
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The neo-natal infant mortality rates for rural India in 1968 
and 1969 are respectively 74 and 75 per 1000 live births, and 48 for 
urban India in 1969. It is observed that neo-natal mortality rate 
exceeds post-natal mortality rate which was 65 and 41 respectively 
for rural and urban India in 1969. About 55 per cent of infant deaths 
occur in the first month in rural India and the rest is spread over 
the other age groups below one year. In urban India about one- 
third of the infant deaths occur in the first month. The risk of 
death is greatest during the first week of life and decreases thereafter. 
It is observed that the risk of death is greater in the case of male 
infants than female infants during the first week after birth. In 
the case of infants surviving after one month, male infants have 
a Slightly greater chance of survival than female infants. 


In some cases infant deaths may have been mis-classified as 
still births due to ignorance especially when the cases of delivery 
are handled by inexperienced persons. Another measure which 
avoids the effect of such mis-classification is the perinatal mortality 
rate defined as the ratio of infant deaths below one week plus still 
births to tota] pregnancies (live births plus still births ) multiplied 
by 1000. Table 3 gives the perinatal mortality rate by sex. 


Table 3 


PERINATAL MORTALITY AND STILL BIRTH RATES BY SEX, RURAL AND 
URBAN INDIA 1968 AND 1969 


Perinatal Still birth 
mortality rate rate 
Males Females Males Females 
Rural 1968 69.9 59.9 Jaya 20.3 
Rural 1969 67.8 59.5 24.5 19.4 
Urban 1969 43.9 S7al 10.4 13.4 


Sources and Footnotes: Same as for Table 2. 


It is observed that peri-natal mortality rate for males is 
greater than that for females in both rural and urban areas. A 
similar pattern of difference is observed in the case of still birth 
rates. Once again we find that the rates for urban areas are lower 
than those for rural areas. 
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Age-Sex Specific Death Rates 


It would be instructive to analyse the age-sex specific mortality 
rate which is defined as the ratio of the number of deaths in the 
specific age-sex group to the population in that group (See Table 4). 
It is seen from above that the pattern of age specific death rate is 
nearly U-shaped. In the youngest age-group, mortality is very high, 
thereafter it drops precipitously till it reaches the lowest level in the 
age group 10-14 for females and 15-19 for males. Then the curve 
gradually rises upto age 49 and from age 50 onwards, the curve 
rises sharply. The level of mortality in rural areas is slighly higher 
in 1969 than in 1968 which may be due to sampling fluctuations. In 
the youngest age group (0-4), females have higher mortality rate 
than males, and gradually, the difference between the sexes gets 
narrowed till the middle of teen ages. From age 15 onwards, when 
the females enter the reproductive age group, the mortality rates for 
females is higher than those for males. The above sex difference in 
mortality is marked in the age group (20-34) reflecting the effect of 
high maternal mortality rates prevalent in India. From age 45 
onwards, male mortality rates are higher than female mortality rates. 
The pattern of age-sex specific death rates for urban areas is 
similar to that for rural areas but at comparatively lower levels — 
(See Figure 1). 


Comparison with Japan and Ceylon 


The percentages of total deaths by age for each sex in Rural 
India are compared with those for Japan and Ceylon in Table 5 to 
bring out the differences in mortality patterns associated with differ- 
ing socio-economic conditions (See F.2) In the case of India, the 
percentage of deaths in the age group (0-4) is eight to ten times the 
percentage for Japan. In India over one-half of the total deaths 
pertains to the age group (0-4), while in Japan only one in twenty 
relates to the age group (0-4). In the age group 5-9 the proportion 
of deaths is about 5 percent in India as against lesss than one 
per cent in Japan and about 3 percent in Ceylon. In older age 
groups, the proportion of deaths increases more rapidly in Japan 
than in India possibly due to the effect of aging of population. 
From age 50 onwards the proportion of deaths in India is smaller 
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Table 5 


PERCENTAGE OF DEATHS BY AGE IN SOME SELECTED COUNTRIES 


ee ds eh oe oe Fe ee A NO ee eee 


Age Japan (1967) Ceylon (1967) Rural India (1969) 
Group = MM. F M F M F 
Ie ey. ee, fe Sat eee 
0-4 5.70 5.02 28.96 32.13 50.47 54.98 
5-9 0.67 0.47 2.88 3.58 4.55 AE! 
10-14 0.54 0.38 1.60 1.79 2.06 1.62 
15-19 1.43 0.79 Lai] 1.87 1.04 1.79 
20-24 1.71 1.05 2.08 2.31 1.51 2.20 
25-29 1.84 1.32 1.92 2.39 1.42 2.03 
30-34 2.11 1.53 (72 2.14 1.48 225 
35-39 2.72 1.94 2.60 2.79 2.13 175 
40-44 3.00 2.41 ase 2.02 2.51 1.98 
45-49 3.21 3.04 shay 2.53 3.12 1.87 
50-54 4.87 4.17 3.88 207 4.11 3.06 
55-59 755 5.73 4.98 3.37 3.88 2.41 
60-64 10.19 7.34 5.56 4.18 6.23 5.06 
65-69 13.35 10.21 732 5.90 4.36 3.44 


70 and above 41.11 54.60 28.34 30.23 BiciS 10.33 


All ages 100.00 100.06 100.00 100.00 100.00 100.00 


Source: Figures for Japan and Ceylon are from UN Demographic Yearbook, 
1968. Figures for India are from Table 4. 


than those observed for Ceylon and Japan. As regards sex diffe- 
rences in mortality in India, in the younger age group (0-4) the 
proportion of female deaths is more than the corresponding pro- 
portion of male deaths. A similar situation prevails in Ceylon, but 
the opposite pattern is observed in Japan. Mortality rates among 
females in the age group (15-44) is higher than the corresponding 
mortality rates among malesin India and Ceylon. Consequently 
the proportion of total deaths in the age group 15-44 is higher 
among females than among males both for India and Ceylon but it 
is quite the opposite in the case of Japan. The proportion of total 
deaths in the age group 70 and over is higher for females in Japan 
and Ceylon as compared-to a higher proportion for males in India. 
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Fig2: Percentage of total deaths by age, SRS estimates for Rural 
India, (1949) Ceylon, (1967) Japan, (1967) 
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The differences observed above are in accordance with our expecta- 
tions. It may be inferred that the SRS data provide a fairly correct 
picture of the overall patterns of mortality in the country and also 
the rural-urban and male-female differentials in mortality. 


Summary and Conclusion 


This paper utilizes the data from the Sample Registration 
System of India to present some measures of mortality for India for 
the years 1968 and 1969 by which period the scheme had developed 
and stabilized and consequently the available data may be taken as 
fairly accurate. The crude death rates for 1969 works out to 19 per 
1000 for rural areas and 11.4 per 1000 for urban areas and the 
corresponding infant mortality rates for rural and urban areas are 
145 and 89 respectively. Almost every measure of mortality worked 
out confirms a higher mortality in rural areas. The mortality of 
females exceeds that of males except in the two ends of the age span. 
Especially the female mortality is significantly higher than male 
mortality in the reproductive age groups reflecting the effect of high 
maternal mortality rates prevalent in India. 


A comparison of the proportionate. distribution of deaths for 
India with those of Japan and Ceylon brings out the effect of 
differences in patterns of mortality associated with socio-economic 
conditions. Upto age 50 the proportions in India are higher than 
those in Japan and Ceylon reflecting the high infant and early 
childhood mortality and the mortality of women in the reproductive 
age groups. After age 50 the proportion of deaths is higher in 
Japan and Ceylon, especially marked by the case of Japan, due 
to the effect of aging of population. 
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NOTES 


For detailed account of the SRS see Office of the Registrar General, 
India (Vital Statistics Division), Sample Registration of Births and Deaths 
in India: Rural, 1965-1968, New Delhi, 1970. 


This is noted by other studies on India. See Kingsley Davis, Population 
of India and Pakistan, Princeton University Press, Princeton, 1951; 
P. K. Nambiar and K. E. Vaidyanathan, Demography and Vital Statistics 
Report of Madras State, Census of India, 1961 Vol. IX, Part I-B, 
Chapter on Mortality. 


S. Chandrasekhar, Jnfant Mortality in India, London, Allen and Unwin, 
1967. | 


Measurement of Mortality in Rural Gujarat 
Under Sample Registration 


D. C. Mehta and M. H. Shah 


Introduction 


A fundamental problem facing nearly all public health 
administrators in developing countries is the general lack of routine, 
reliable, and current estimates of fertility and mortality. A glance 
through any one of the United Nations Yearbook clearly and 
dramatically demonstrates this fact. 


An adequate civil registration system functioning throughout 
India would be the ideal method of keeping track of annual changes 
in fertility and mortality. Such a system, by collecting data on 
each vital event within hours or days after its occurrence, would 
eliminate errors in the data arising from faulty memory or from the 
failure to include babies who die shortly after’ birth. In India> 
however, the civil registration system is not functioning adequately ; 
on the contrary, what evidence exists indicates a substantial under- 
registration of events in most states. Since the latest official 
publication of vital statistics from the civil registration’ system indi- 
cates death rates of less than 10 per 1000 population for many 
States', there is no evidence that civil registration has improved 
during the intervening period and it is most universally acknow- 
ledged that civil registration in India and in many states is generally 
poor?. 


It should be noted that the quality of the civil registration 
system is a general problem in most of the states in India, and the 
development of an adequate civil registration system tends to bea 
long-term effort. A national civil registration system is, by its very 
nature, a difficult thing to establish and maintain in any large 
country. It requires both that trained personnel be distributed 
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throughout the country and that such personnel function on a 
continuous basis. An effective civil registration system is, thus, 
more difficult to maintain than either a census (which is limited in 
time) or a sample survey (which is limited in area). 


The enforcement of the Registration of Births and Deaths 
Act, 1969 from April 1, 1970 in most of the states ( except few ) 
appears to be a sound step towards the long-range development of 
civil registration system in India. However, in view of the difficulties 
discussed above, the usefulness of civil registration data in the 
measurement of fertility and mortality will remain limited in all the 
states of India for the next few decades. 


Acknowledging the difficulties of obtaining meaningful and 
useable data from the civil registration system at an early date, the 
Registrar General’s Office has undertaken the Sample Registration 
Scheme from 1965-66 in cooperation with the State Government?. 
Under the scheme, an appropriate organisation in each State 
Government (or, if a state government declines to participate, the 
State Office of the Census Organisation) carries the scheme work 
along the lines established by the Registrar General’s Office ; ina 
probability urban/rural sample of the state. To date, pilot work 
has been completed in the rural and urban areas of all the states of © 
India, and estimates based on twelve months of data from the full 
scale rural sample are available for most of the states +. In urban 
areas, however, only limited work on full scale has been carried out. 
It is expected that yearly estimates of births and deaths will be 
available for all the states urban and rural areas as well as for the 
state as a whole and for India from the calendar year 1971 and 
onwards. 


This paper is mainly concerned with a brief description of the 
sample registration scheme as it operates in rural areas of Gujarat 
State with its results on mortality only for first two years. Detailed 
description and results of rural sample registration are published 
separately.® 


Sample Registration in Rural Gujarat 


The objective of the sample registration scheme is to record 
in the sampled areas births and deaths as they occur, as in civil 
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registration, so as to obtain reliable estimates of live birth and death 
rates for the State rural and urban areas. A pilot study on sample 
registration was taken up in Gujarat in the year 1964°. The object 
of the pilot was to study the practical problems involved in organi- 
sing the sample registration scheme in rural and urban areas. The 
pilot survey was carried out in 20 rural and 5 urban non-random 
sample units. 


The principal features of full scale rural sample registration 
in Gujarat is discussed below. Briefly, (1) a baseline survey of the 
sample unit is carried out to obtain a complete list of houses, house- 
holds, and usual resident population. (2) There is continuous 
enumeration of vital events detected by the informant system, 
referred here as the ‘‘enumeration” method. (3) A retrospective 
survey of households is done every six months to detect independently 
births and deaths as well as migration and to provide the popuiation 
base for the calculation of rates. (4) Enumeration and survey lists 
of vital events are matched, and unmatched and partially matched 
events are reverified.? Finally, estimates of events missed by both 
sources are prepared by the Chandrasekaran-Deming method.® 


The full scale rural sample design, organisation of staff, and 
field work procedures for the Gujarat state programme are described 
below. 


Sample Design 


In the full scale sample registration scheme design, villages 
were Stratified according to 1961 census population size groups, viz., 
under 500, 500-999, 1000-1999 and 2000 and over. Gujarat State was 
divided into three geographical regions—Ahmedabad, Rajkot, and 
Baroda, and 150 sample units were allocated randomly proportional 
to the population in each stratum within each region. 


Later on, it was decided to implement Kaira Sample Registra- 
tion Research Project. The Kaira Project is mainly concerned with 
testing new methods of sample registration. (The Kaira Project is 
sponsored by the National Centre for Health Statistics, Washington, 
and financed under PL 480 funds provided by the United States Govt.). 
Thus the 14 units which had been allocated to Kaira district in 
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Ahmedabad region were dropped, and anew sample design was 
developed for Kaira district. The district was divided into two parts. 
One is framed of two development blocks out of ten, viz., Anand and 
Nadiad, which were chosen to get “‘intensive’’ treatment with respect 
to both health and family planning services. The remaining eight 
blocks were to receive regular health and family planning services, 
the same as those provided in other parts of the state. Fifteen 
sample units were allocated to the ‘“‘intensive” area; another ey 
sample units were allocated to the remainder of Kaira proportional 
to the siz of the population in each stratum. Moreover, villages in 
Kaira district having a population of 2000 or more were further 
subdivided into two strata. viz., 2000—4999 and 5000 and over. 


The number of rural sampling units in Gujarat totalled 166, 
with Kaira district forming a separate fourth region. A total of 22 
strata were identified for the state: ten strata were formed for Kaira 
district (five size groups by two types of area); twelve strata 
were formed for the rest of the state (four size groups by three 
regions). Thirty sample units were located in Kaira district, 136 
in other regions of the state. 


The sampling frame was prepared from data published in the » 
1961 district census hand books which showed villages by population 
size. The sampling unit for villages under 2000 population is a_ 
census village. For villages with a population of more than 2000, 
the sampling unit is a segment of the village. The number of seg- 
ments assigned to these larger villages was determined by dividing the 
1961 census population of the village by 2000 and rounding upto the 
next whole number. Sampling units were allocated in proportion 
to the population present in 1961, and the allocated number was 
randomly chosen from each stratum. For villages with a population 
of more than 2000, where a sampling unit was segment, a map of the 
village was prepared by the unit supervisor showing natural boun- 
daries and approximate population. These maps were sent to the 
state office for identification of the sample segments. 


Organisation 


The sample registration unit at the state office is attached to 
the State Bureau of Health Intelligence under the State Directorate 
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of Health and Medical Services. The unit is composed of a statisti- 
cal officer, four assistants and six full time supervisors. The work of 
the unit is supervised by a senior officer who is also responsible for 
implementing improvement in the vital statistics schemes of the 
Registrar General, India. The state unit is responsible for the over- 
all direction and administration of the sample registration scheme. 


Staff members appointed at the district level under the Regi- 
strar General’s sponsored scheme of strengthening district vital stati- 
Sstics organisation are assigned responsibility for the supervision of 
all sample units in a district. Health staff appointed at the rural 
health centre, viz., sanitary inspector, vaccinator, family planning 
social and field worker, health visitor, midwife, etc., are assigned 
part time supervisory and survey responsibilities. One health worker 
is assigned to each sample unit for supervision and six month retro- 
spective survey. 


A local part time enumerator, usually a school teacher, is 
appointed in each village, and paid 15 to 25 rupees per month depen- 
ding upon the size of the population in the village, to find, record, 
and report vital events to the state headquarters every month. Vital 
events are collected through informant system and the local enumera- 
tor is also responsible for the initial baseline survey and the number- 
ing of houses for identification. 


Field Work 


Appointment of local part time enumerator and supervisor 1s 
done with the help of the district or primary health centre staff. 
Training sessions for the enumerators and supervisors are conducted 
at‘four regional levels by the statistical officer and the SUS: 
officer for three days. 


On return from training, the local enumerator is instructed 
to prepare a house list and conduct a survery showing the individuals 
in each household on a Specified date. The local enumerator is also 
instructed to select local resident informants and to contact all the 
informants every fortnight. School children are also asked every 
week-end or on a fixed day, after prayer, the number of vital events 
known to them. In addition, the enumerator has to prepare a list 
of pregnant women in the sample unit and keep this list up-to-date. 
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Immediately at the end of one month, the local supervisor is 
instructed to visit the sample unit and to carry out initial inspection 
of enumerator’s work and report his findings to the state headquarters. 
The local supervisor is also instructed to inspect the sample registra- 
tion work whenever he visits the village in the course of his normal 
duties, atleast once every quarter. 


On the date of the six-month retrospective household survey, 
the local enumerator is instructed to send the birth and death records 
to the district office. After a couple of days, the local supervisor 
(or full time supervisor from state office) is instructed to conduct the 
household survey independently and to bring the household register 
up-to-date. taking account of all changes in household composition 
-births, deaths and migration. The supervisor thus prepares a 
separate list of births and deaths which are mailed to the district 
office, where they are matched against the local enumerator’s records. 
The local supervisor, in addition, tabulates data on population by 
age and sex as On the date of survey and sends the tabulation to the 
State headquarters. 


The lists of partially matched and unmatched events are 
reverified in the field both by the enumerator and the supervisor. They 
are instructed to revisit the households concerned to determine, if. 
possible, the real facts for each vital event in order to obtain and 
unduplicated list of the births and deaths. 


Results on Mortality 


On 1 October, 1967, the first and second years’ experience 
with the rural sample registration scheme had been completed in 
Gujarat. 


Measurement of Death Rate 


Table 1 shows estimated (both Chandrasekaran-Deming and 
unbiased sampling method) death rates, by place of residence, for 
rural areas by region, stratum and for Gujarat State for 1965-66 
and 1966-67 with standard error based on the unbiased sampling 
method. 
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Table | 


RESIDENT DEATH RATES PER 1000 MID-PERIOD POPULATION BY 

DIFFERENT METHODS WITH STANDARD ERROR BASED ON THE UNBIASED 

METHOD BY REGION, STRATUM AND PERIOD, SAMPLE REGISTRATION, 
RURAL, GUJARAT 


Bream en aden tly ate peu 000 “popglation 


Region/ 1 October Enume- Enume- Un- » SES cvd 
Stratum to ration Survey ration CD? biased 
30 September only only -+survey method method 
(1) (2) (3) (4) (5) (6) (7) (8) (9) 
Region 
Rajkot _ 1965-66 16.1 L5i7 17.8 18.1 hike? 0.99 ate 


1966-67 15.6 14.4 a 17.9 18.2 1.19 6.54 


Ahmedabad 1965-66 16.2 17.6 Loi 19.4 1931 1.25 6.54 
1966-67 | As, 19.8 22-2, 22.6 22e 1.38 6.13 


Baroda 1965-66 15.6. 16.6 18.0 18.3 17.8 0.89 5.00 
1966-67 14.5 1.5 17.8 18.4 LFS 0.79 4.44 
Kaira 1965-66 18.7 18.5 211 21.4 20.2 Les 6.78 


1966-67 18.1 18.8 21.8 aoe) 7 1.40 6.22 


Stratum 
Under 500 1965-66 14.4 16.6 bv 3 17.8 j ET 1.98 11.45 
1966-67 VES 1S 20.0 20.5 19.1 1.85 9.69 
500 — 999 1965-66 =: 16.1 17.8 18.9 19.1 18.6 1.03 5.54 
1966-67 18.6 13:2 20.6 20.8 20.8 1.30 6.25 
1000-1999 1965-66 17.0 16.8 18.8 19.0 18.5 0.91 4.92 
1966-67 17.2 sy rs 19.8 20.3 19.5 0.91 4.67 
2000 and 1965-66 16.3 16.9 19.0 19.4 18.4 0.85 4.70 
over 1966-67 hs 16.1 18.9 19.7 18.5 0.70 3.78 


GUJARAT* 1965-66 ia 17.0 18.8 19.1 18.3 0.55 3:0 
1966-67 16.6 16.9 19.6 20.1 1925 0.58 Pass 


Estimated by Chandrasekaran-Deming method 
Estimated by Unbiased sampling method 

© Standard error by unbiased method 
GapMitientrof variation 


The civil registration death rates for rural Gujarat during 1946 
and 1967 were 8.6 and 9.2 respectively per 1000 population. 


Source: Annual Public Health Reports - Annual Form No. 6. 
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The estimated (unbiased sampling method) death rates are 
slightly higher in the second year than in the first year in all regions 
except Baroda and for all strata. The same is true for the estimated 
death rates in the state. It does appear that during the second year 
of the scheme, with more experience on the part of the staff, the 
work is somewhat better and more tightly controlled although there 
is evidence that considerably more supervision could be done. 


The enumeration resident death rate has varied from 14.5 
(1966-67) in Baroda region to 19.3 (1966-67) in Ahmedabad region 
while survey resident death rate has varied from 14.4 (1966-67) in 
Rajkot region to 19.8 (1966-67) in Ahmedabad region. 


The combination of enumeration and survey method gives 
resident death rate per 1000 mid-period population for rural Gujarat 
as 18.8 for 1965-66 and 19.6 for 1966-67 respectively. The death 
rate so obtained by combination of enumeration and survey method, 
estimated by Chandrasekaran-Deming method and the unbiased 
method are statistically not significant at 95 per cent probability level 
for the last two years’ experience. However, some of the death rates 
obtained by enumeration or survey only fall within the confidence 
limits. The rates indicate the amount of bias (underreporting) by 
either enumeration or survey. The amount of bias involved varies 
considerably by region and stratum. The shortfall in deaths for 
rural Gujarat was 18.3—17.0=1.3 for 1000 population by survey 
method. 


The estimated death rate for rural Gujarat is 18.3 and 19.5 
with 3.01 and 2.97 co-efficients of variation for the periods 1965-66 
and 1966-67. This shows that the true death rate for rural Gujarat 
may lie in the range 17.2 to 19.4 for 1965-66 and 18.4 to 20.6 for 
1966-67 with 95 per cent confidence limits, 


The above mentioned unbiased estimate is worked out as 
recommended by the Third All-India Annual Conference on Sample 
Registration held at Calcutta, 3-7 March, 1967. In this method, 
estimate of deaths and population in each stratum within each region 
is obtained by using a mathematical scheme®.~ The region and 
state totals of deaths and population has been built up by adding 
the stratum values as independent sample was drawn in each stratum 
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within each region. Similarly, variances of death rates have been 
worked out. The estimation procedure includes deaths detected 
by enumeration and survey. 


In general, it can be said that the standard errors are not 
large enough even by region and stratum to raise serious questions 
as to the validity of the conclusions to which the sample tabulations 
point. The detailed tabulations presented in this paper, should be 
regarded as indications of general orders of magnitude and not as 
precise estimates. 


Completeness by Enumeration & Survey 


The estimated percentage of recorded resident deaths by 
enumeration and survey methods is shown in Table 2 by region, 
stratum and period. 


Table 2 


ESTIMATED? PERCENTAGE COMPLETENESS OF DETECTION OF RESIDENT 
DEATHS BY ENUMERATION AND SURVEY, BY REGION, STRATUM AND 
PERIOD, SAMPLE REGISTRATION, RURAL, GUJARAT 


Region/ Enumeration Survey 
stratum 1965-66 1966-67 1965-66 1966-67 
(1) (2) (3) (4) (5) 
GUJARAT 86.1 82.8 88.9 84.1 
Region 
Rajkot 89.1 ge 86.8 80.4 
Ahmedabad 83.5 85.2 90.9 87.5 
Baroda 85.4 78.7 90.9 84.5 
Kaira 86.9 80.6 86.5 83.4 
Stratum 
Under 500 81.2 85.6 935 85.6 
500 - 999 84.7 89.2 93.6 87.4 
1000 - 1999 89.6 84.7 88.6 84.4 
2000 & over 84.2 TES 87.0 82.2 


“Estimated by Chandrasekaran - Deming method 
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By region, the percentage efficiency by the enumeration 
method varied from 78.7 (Baroda, 1966-67) to 89.1 (Rajkot, 1965-66) 
per cent while by stratum, it has varied from 77.9 (2000 & over, 
1966-67) to 89.6 (1000-1999, 1965-66). For rural Gujarat, the under- 
enumeration by the enumeration method is estimated to be roughly 
of the order 14 to 17 per cent in the last two years. Similarly, by 
region, the percentage efficiency by the survey method varied from 
80.4(Rajkot, 1966-67) to 90.9 (Ahmedabad and Baroda, 1965-66) 
per cent while by stratum it has varied from 82.2 (2000 & over, 
1966-67) to 93.6 (500-999, 1965-66). For rural Gujarat, the under- 
enumeration by the survey method is estimated to be roughly of the 
order 11 to 16 per cent in the last two years. 


Age-specific Death Rate 


The age-specific death rates presented in Table 3 start at a 
rather high level inthe first year of life, fall to a minimum near 
age ten, then move up slowly until mid-life, and finally rise rapidly 
at the older ages. 


Table 3 


RESIDENT AGE-SPECIFIC DEATH RATES BY SEX AND PERIOD, SAMPLE 
REGISTRATION, RURAL, GUJARAT 


Age-specific death rates per 1000 


Age-group Period population 

Males Females Total 

(1) (2) (3) (4) (5) 
Under 1 1965-66 178.2 192.4 185.1 
1966-67 162.7 , ioe! 167.8 
1-4 1965-66 29.4 42.7 35.9 
1966-67 8533 46.0 40.5 
5-14 1965-66 afd | at 53 
1966-67 B33 3.8 355 
15-44 1965-66 S21, = 4.4 
1966-67 3.8 ate | 4.7 
45-64 1965-66 18.7 14.4 16.6 
1966-67 20.0 1B hat 16.7 
65-74 1965-66 84.5 60.5 tae 
1966-67 65.0 70.7 68.0 
75 + 1965-66 141.3 143.2 142.3 


1966-67 152:0 183.9 168.5 
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Table 3 also shows that the age-specific death rates for 
females are higher upto all age-groups under 44, There is also clear 
indication that mortality at the female reproductive ages is also high 
enough to raise the general death rate for females above the rate of 
males at the same ages. 


Infant mortality experience 


Infant -mortality experience is rather difficult to analyse. 
However, analysis of data available under sample registration clearly 
indicates that infant mortality is much more higher in the areas and 
in the rural Gujarat than as recorded under civil registration. The 
infant mortality rate for rural Gujarat is 163 and 165 per 1000 live 
births during 1965-66 and 1966-67 respectively. Table 4 shows 
infant mortality rate by broad age-groups for 1965-66 and 1966-67. 


Table 4 
INFANT MORTALITY RATE BY AGE-GROUP AND PERIOD, 


SAMPLE REGISTRATION, RURAL, GUJARAT 


Age group Period Infant mortality rate 
per 1000 live births 


(1) (2) (3) 


Under 1 1965-66 163 
1966-67 165 
Under 7 days 1965-66 51 
1966-67 50 
7 davs—under 1 month 1965-66 29 
1966-67 24 
1 month—11 months 1965-66 83 
1966-67 9] 
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Seasonal mortality 


Table 5 gives resident deaths with percentage to total deaths 
by month of occurrence for 1965-66 and 1966-67. 


Table 5 


RESIDENT DEATHS WITH PERCENTAGE TO TOTAL DEATHS BY MONTH OF 
OCCURRENCE AND PERIOD, SAMPLE REGISTRATION, RURAL, GUJARAT 


Period 
Month 1965-66 1966-67 
Number Percentage Number Percentage 
(1) (2) (3) (4) (5) 

All months 3751 100.0 3934 100.0 
October 336 9.0 285 Ton 
November 321 8.6 278 qe 
December 306 8.2 282 12 
January 301 8.0 340 8.6 
February 279 7.4 298 7.6 
March 293 7.8 382 9.7 
April 267 Jal 295 i fe 
May 287 fet | 337 8.6 
June 285 7.6 274. 7.0 
July 312 8.3 351 8.9 
August 381 10.1 408 10.4 
September 383 10.2 401 10.2 


There is a well-known seasonal cycle of deaths in the months 
of August and September i.e., during part of monsoon season. 


Type of Medical Attention 


Table 6 gives resident deaths with percentage by type of 
medical attention before death during 1965-66 and 1966-67 for 
rural Gujarat. 
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Table 6 


RESIDENT DEATHS WITH PERCENTAGE BY TYPE OF MEDICAL ATTENTION 
BEFORE DEATH BY PERIOD, SAMPLE REGISTRATION, RURAL, GUJARAT 


Medical attention before death at home 


All Institu- By recog- By unrecog- 
Period deaths tional nised practi- nised practi- None 
tioner tioner 
No. % No. Oe No. oF No. % 


(1) (2) (3) (4) (5) (6) 


1965-66 3751 285 7.6 346 Pe pag he 2847 ieee: 
1966-07 3934 362 22 311 7.9 =! oa) 2904 73.8 


About 8 to 9 per cent of the deaths in rural Gujarat take 
place in medical institutions while approximately the same percen- 
tage of deaths are attended by recognised medical practitioners at 
home of the deceased. It is worthwhile to note that 74 to 76 per 
cent of the deaths get no medical attention before death. 


Discussion 


The experience obtained in the pilot study was used to 
increase the independence between enumeration and survey systems 
by withdrawing the enumerator’s list before the survey began and 
matching work to be carried out at the district office. However, 
all points in the operation which can vitiate independence should 
be evaluated if independence is to be maintained in the sample 
registration. 


A number of organisational and administration problems 
arose inconducting the pilot study and in expanding the sample 
registration Operation. For example, the training of new staff 
mostly on transfer required much work on the part of the officers. 
House plates could not be fixed for identification in most of the 
sample units. The sub-division of larger villages into segments was 
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difficult, laborious, and time consuming because well drawn detailed 
village maps were not available. However, considerable progress 
is being made on these problems. 


Detailed field work on matching including ‘ matching 
criterion’ and ‘number of items to be used for matching’ have been 
developed by the Kaira Sample Registration Research Project.*° 
Five items viz., House No. and Houshold No., name of deceased, 
sex of deceased, residential status, and date or month of death, 
were used for matching. If all the five items were matched on both 
the lists then the event is said to be matched, otherwise it is partially 
matched if some items do not match. The unmatched and partially 
matched events were reverified. 


Summary and Conclusions 


The Gujarat rural sample registration, initiated on full scale 
from 1 October, 1965, is a household enumeration instrument 
designed primarily to provide reliable and current data on vital rates. 
The sample size for rural Gujarat is about 200,000 persons. 


Since October 1965, births and deaths in rural Gujarat State, 
India, have been recorded under two independent systems in a: 
random sample of units. First, a part-time local ‘‘enumerator’”’ is 
appointed in each sample unit (village or segment thereof) who 
prepares a house list; conducts a baseline survey showing the indi- 
viduals in each household; and maintains a list of the vital events 
reported by informants whom he contacts fortnightly. Second, a 
staff member at the rural health centre is assigned part-time 
supervisory and to conduct a household survey cach six months, 
updating the household register and recording births and deaths 
independently. The two lists are matched and all non-matches and 
partial matches are reverified. 


The estimated death rate for rural Gujarat is 18.3 and 19.5 
with 3.01 and 2.97 coefficients of variation for the periods 1965-66 
and 1966-67. Thus, the true death rate for rural Gujarat may lie 
in the range 17.2 to 19.4 for 1965-66 and 18.4 to 20.6 for 1966-67 
with 95 per cent confidence limits. © Underenumeration for deaths 
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is estimated to be 14 to 17 per cent by the enumeration method, 11 
to 16 per cent by the survey method in the last two years. 


The age-specific death rates for females are higher upto all 
groups under 44. The infant mortality rate for rural Gujarat is 163 
and 165 per 1000 live births during 1965-66 and 1966-67 respectively. 
More deaths have been recorded in the months of August and 
September. Only about 18 per cent of the deceased in ‘the rural 
Gujarat got medical attention before death. 
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The OSR Method for Estimating Mortality 
Levels from Age Distributions 


K. V. Ramachandran and P. S. G. Nair 
Introduction 


In the so-called developing countries of the world, the lack 
of accurate or even acceptable vital statistics has made the 
problem of planning for social and economic development very 
difficult. Registration of vital events are either non-existent or 
are grossly deficient. Sample surveys have provided some infor- 
mation, but they have been of limited value. However, censuses 
have been taken in most of these countries in recent years, and 
some tabulations of age-sex distributions are available. Thus 
attempts have been made in the past and are still going on, under 
One assumption or the other, to utilise these age-sex tabulations to 
extract vital informations.! 


The New Method 


In this paper an attempt is made to provide a set of tables, 
using which one can estimate the level of mortality under certain 
elementary assumptions. These assumptions are generally valid 
and some of the assumptions may not be that important in their 
effect on the level of mortality estimation. One of the assumptions 
made is that the age-sex distributions are stable (or atleast nearabout 
so). Another assumption is that the population counts in broad 
age-sex groups are more or less complete in both the enumerations 
(or atleast that the errors in both the enumerations are similar). 
A third assumption is that a particular pattern of mortality operates 
and that this pattern holds good in ali the age segments (in other 
words, the pattern assumed for the older cohorts apply as well for 
the births during a period). Under these assumptions, a set of 
tables have been prepared based on which one can estimate the 
level of mortality 


The method requires only the age-sex distribution of popu- 
lations at a given interval which are available from censuses or 
surveys. But, since the age tabulations are subjected to errors of 
reporting, the method is based on a set of survival ratio of persons 
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of given ages enumerated in an earlier count to those of their 
survivors. Since cumulations may result in reduced amplitudes of 
errors, the method is based on survival ratios of persons of a given 
age and over to their corresponding numbers in a later count. 
Also, since there could be some amount of shifting of ages, several 
such survival ratios are calculated based on persons of consecutive 
ages. The theory underlying the new method, some details of its 
usefulness and a few illustrations of the application of the method 
were presented recently elsewhere.2 This paper will confine itself to 
the set of tables needed for this new method. 


The tables 


A set of five tables each for the two sexes giving the overall 
survival ratios at five-year and ten-year intervals (in all 20 tables) are 
presented here (p. 74) which can be used profitably to estimate mortality 
level when the interval between the two enumerations are between 4 
and 12 years. TablesM, toM, and F, to F; give respectively the 
survival ratios for males and females aged 0+,5+,10+,15+ and 
20+ at time ‘t’ for a period of ten years. TablesM, toM,, and 
F, to F,, give respectively the survival ratios for males and females 
aged 0+,5+,10+,15+ and 20+ at time ‘t’ for a period of five 
years. These tables have been prepared from the Coale-Demeny 
model West life tables and corresponding stable populations.®. 
Several initial rates of growth ‘r’ (rranging from 0% to 3.5% 
per annum) of population are considered to enable the utilisation of 
the method in almost all circumstances expected to be met in practice. 
In case the rate of growth rina given situation is not exactly equal 
to the tabulated value, linear interpolation may be used. 


The value of ‘E’ given at the top of each table pertains to 
the initial level of expectation of life at birth and should be 
used in conjunction with knowledge about the approximate level of 
mortality in the country and its immediate course of development. 
When the period between two enumerations is not exactly five years 
the period can be converted into the required 5-10 year periods 
for the utilisation of these tables by projection of the population 
age structure of the earlier date or retrojection of the population 


age structure of the terminal date, provided the period is not too 
large. 
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Table M. I. 


t+ 10 t 
VALUES OF OVERALL SURVIVAL RATIOS Po, / Pox FOR TEN-YEAR 


PERIODS FOR MALES CORRESPONDING TO BASE RATE OF GROWTH [f. 
BASE EXPECTATION OF LIFE AT BIRTH E AND EXPECTATION OF LIFE AT 
BIRTH DURING THE PERIOD 


S108 82 iene 831 .837 .844 843.848 .855 


Co Durn | 22.85 24.06 25.26 | 25.26 26.47 27.67 | 27.67 28.88 30 08 
eriod: 
r E=20.44 E=22.85 E=25.26 
0.0 1G 7/me ol, Sane S35 P77) Wie oA AS Oued yee te 
0.5 CHT See TS 55 27194 hey segihl At REDD eller 1. 
1.0 .788 .795 .803 e798) CROSS es ee 808 .814 .821 
5 196 .803 <811 S07, uae S laine SPOR PEP ET 8/1 
2.0 803 .810 .818 R15) 01 eases 825 .831 .838. 
2.5 809 .816 .824 21s 827088) 832 .837 .844 
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E=b6.50 


877 
895 
911 
SP) 
ad 
947 
956 
963 


882 
900 
a9 12 
20a 
940 
OUD 
Bee 
.966 


Table M. 2 


t+ 10 ties 
VALUES OF P,;, / P;, i. €. OVERALL SURVIVAL RATIOS FOR TEN-YEAR 


PERIODS CORRESPONDING TO BASE RATE OF GROWTH ff, _ BASE 
EXPECTATION OF LIFE AT BIRTH, E AND EXPECTATION OF LIFE AT 
BIRTH DURING THE PERIOD FOR MALES AGED 5+ 


Dy) ing 
Co Murine 22.85 24.06 25.26 | 25.26 26.47 27.67 | 27.67 28.88 30.08 


Period: 
r E=20.44 E=22.85 BR=25.26 
0.0 164. .712--.779 | .772 .780- .786--1 .779. :786 ~793 
0.5 116 .784 .791 | .785 .792 .798 | .792 .799 .805 
1.0 788 .795 .802 | .796 .803 .810 | .804 .811 .817 
1.5 798.805 .812 | .807 .814 .820 | 815  .822 .827 
2.0 807 .814 .821 | .816 .823 .829 | .825 .831 .837 
2.5 815 .825. .829 | .825 .832 .837 | .834 .840 .845 
3.0 823 .830 .836 | .833 .839 .845 | .842 .848 .853 
3.5 830 .837 .842 | .839 .846 .851 | .848 .854 .859 
Bo. panne 30.08 31.28 32.48 | 32.48 33.69 34.89 | 34.89 36.10 37.30 
Period: 
r a E=30.08 E=32.48 
0.0 786 .793 .799 | .792 .799 .804 | .798 .804 .810 
0.5 800 .806 .812 | .806 .812 .818 | .812 .818 .823 
1.0 812 .819 .824 | .819 .825 .830 | .825 .831 .836 
1.5 823 .829. .835. | .830 .836 .840 | .837 .842 .847 
2.0 833. .838 .844 | .840 .846 .850 | .847 .853 857 
2.5 842 .847 .853 | .849 .855 .860 | .857 .862 .866 
3.0 850 .856 .860 | .857 .863 .868 | .865 .870 .874 
3.5 857° .863 .867. | .865 .870 .874 | .872\ .877 .881 


tee 


Table M. 2 (Contd) 


Ste 37.30 38.51 39.71 | 39.71 40.92 42.12 | 42.12 43.32 44.52 
Period: 
r E= 34.89 E=37.30 E=39.71 
0.0 803 .809 .814 | .809 .814 .819 | .814 .819 .824 
0.5 818 .824 .829 | .824 .829 .834 | .829 .834 .839 
1.0 832 .837 .842 | .837 .842 .847 | .843 .848 .852 
1.5 843 .848 .853 | .849 .854 .859 | .855 .860 .864 
2.0 854. 1859 .864.. |) (860, 2865 4 860i) | eR bOumnR 7 mee a 
2.5 864 .868 .873 | .870 .875 .879 | .876 .881 .884 
3.0 872 .877 .881 | .878 .883 .887 | .885 .889 .893 
3.5 879.884 .888 | .886 .890 .894 | .892 .897 .900 


Period 44.52 45.82 47.11 47.11 48.34 49.56 49.56 50.70 51.83 
1 : 


, E=42.12 E=44.52 E=47.11 
0.0 818 .823 .828 | .822 .827 .831 | .826 .830 .834 
0.5 834 .839 .843 | .839 .843 .847 | .842 .847 .850 
1.0 848 .853 .857 | .853  .857 .861 | .857 .861 .864 
1.5 860 .865..870 | .866 .870 .873 | .870 .874 .877 . 
2.0 872 .876 .881 | .877 .881 .885 | .882 .886 .889 
2.5 881 .886 .890 | .887 .892 .995 | .892 .896 .899 | 
3.0 891 .895 .899 | .895 .899 .902 | .902 .905 .908 
3.5 898 .903 .900 | .904 .909 911 | .909 .913 .916 
a nee 
Caen 51.83 52.99 5 Ane 
ss 83 52.99 54.14 | 54.14 55.31 56.47 | 56.47 57.66 58.84 
r E=49.56 Hes Seen E=54.14 
0.0 829 .834 .838 | .833 .838 .842 | .837  .841 .845 
0.5 846 .850 .853 | .850 .854 .858 | .854 .858 862 
1.0 861 .865 .869 | .865 .869 .873 | .869 .873 .877 
1.5 874 .878 .881 | .879 .883 .886 | .883 .887 .890 
2.0 887.890 .893 | .891 .895 .g98 | .895 .899 .902 
2.5 897 .901 .903 | .902 .906 .909 | .906 .910 .9]3 
3.0 906 .910 .913 | .911 .914 .917 | .916 .919 .929 
3.5 914 918 921 | .918 .922 .925 | 924 927 930 


78 


849 
.866 
881 
895 
aU 
918 
ID) 
a5 


861 
878 
894 
908 
a0 
931 
941 


Table M. 2 (Contd) 

° Durin 

Etienne 158.84. 60.04 61,23 

Period: 
' E=56.47 
0.0 841 845 
0.5 858.862 
1.0 874 878 
1.5 887.891 
2.0 900  .904 
2.5 911.914 
3.0 920 .924 
3.5 929  .932 
® Puri 

Co nt | 66.02 67.29 68.56 
Period: 
r E=63.64 
0.0 851.856 
0.5 869  .874 
1.0 885.890 
1.5 899 904 
2.0 912.917 
2.5 924 .928 
3.0 934 .938 
3.5 942 945 


948 


61.23 62.44 63.64 


844 
861 
877 
892 
.904 
915 
pas 
AMeK 


68.56 69.88 71.19 


856 
.874 
.890 
905 
918 
A? ple 
.939 
947 


E=58.84 


848 
.866 
881 
.896 
908 
919 
928 
3ST 


E= 66,02 


.862 
880 
895 
910 
ee Pa 
933 
943 
.950 


852 
.869 
885 
899 
GN 
1922 
931 
39 


.867 
885 
900 
914 
926 
ME 
.946 
954 


63.64 64.83 66.02 


847 
865 
882 
.996 
.908 
920 
929 
.938 


E6123 


852 
.869 
.886 
.900 
AN 
923 
233 
941 


855 
873 
889 
.903 
915 
926 
PEP) 
.943 


TD: On Fo saermiess ae 


.861 
.879 
895 
910 
he Ve 
934 
944 
ae 


E=68:36 


.868 
.886 
901 
916 
928 
239 
948 
956 


874 
891 
906 
.920 
232 
.942 
& hey | 
fe eh 
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tr 1.0 


VALUES OF P,,. 


YEAR PERIODS CORRESPONDING TO BASE RATE OF GROWTH, 


Table 


M. 3 


t . 
/Pyo4, i.€., OVERALL SURVIVAL RATIOS FOR TEN 


r, 


BASE EXPECTATION OF LIFE AT BIRTH, E AND EXPECTATION OF LIFE 
AT BIRTH DURING THE PERIOD FOR MALES AGED 10+ 


€4 During | 49.85 24.06 25.26 | 25.26 26.47 27.67 | 27.67 28.88 30.08 
Period: 
r E=20.44 F=22.85 E=25.26 
0.0 ARe59 Le 7S0n 4 9750 67608 167) TOO OSTA 
0.5 ISAERTOR A 1105 2 ceeibd eID TIO | ae ds OG 
1.0 165 TTA TRI (|e 75 2183 789 784.791 .797 
1.5 715 183. 4901) ..785 2.793 <799 4\" 794-801 een0s 
2.0 784.792 .799 | .794 .802 .808 804.811 .817 
2.5 7192. -800...807- | $813 1810. .816. |} 2-812 819 6258 
3.0 799 .807 .814 | .810 .818 .824 | .820 .827 .833 
3.5 806 .814 .820 | .817 .824 .830 | .827 .834 .839 
e? During 
: 30.08 31.28 32.48 | 32.48 33.69 34.89 | 34.89 36.10 37.30 
Period: 
r E2761 E=30.08 E=32.48 
0.0 468 7752781 174. 2781> W187 s| 781 187 ees 
0.5 781 .788 .794 | .788 .794 .800 | .795 .801 .806 
1.0 792.799 .805 | .800 .806 .812 | .807 .813  .818 
1.5 (803° =810' 816, | U8i1) GR19. 2822] 4818 che wiesao 
2.0 812 .819 .825 | 821 .827 .832 | .829 .835 .839 
2.5 821.827 .833 | .830 .836 .841 838.844 .849 
3.0 829 836 .841 838 .844 .849 | .846 .852 .856 
3.5 837.843 .848 | .845 .851 .856 | .853 .859 863 
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Table M. 3 (Contd) 
e° During | | Ria eat a en 
$7,50.55.51639, 71 39.71 40.92 42.12 42:12 43.32 44:52 
Period: 
r E=34.89 E=37,50 E=395/1 
0.0 ous. 199.198 792 .798  .803 .798 .804 .809 
0.5 (BU SOW e.. ole 507) cols %.018 813° (818) “aa23 
1.0 .814 .820 .825 620 .826-~..831 1826. - {832:eoao 
je 625 831 .836 832 .838 .842 838 .844 .848 
2.0 836 .842 .846 340046 4 s.0D3 £849 855!" oe 
eo 846 .851 .856 850. 3858 2 -.862 859 .865 .868 
3.0 854 .859 .864 $Oa. SOUUe snore 868 5873 4h, 
ae B01. 48066 ..871 .868 .874 .878 876 1881. 2855 
e°® During . 
‘ ; 44.52 45.82 47.11 47.11 48.34 49.56 49.56 50.70 51.83 
Period: 
r E= 42.12 E=44.52 BR=47.11 
0.0 .803 .808 813 058139" 8 1¥ 812 .816 .820 
0.5 B18 2823) ~..828 1524 1.82857 832 G28 — S53 ZeRRNIG 
1.0 592, LO38. 6.541 837 .842 .846 842 .846 .850 
1.5 844 .850 .854 850 °.854°-..858 -| ».853 .859 ©2863 
2.0 856 .861 .865 862. .866°)..8702-4 "AR67) {871 Sess 
2.) 00) 8/0 4.874 872. '.876 ~-.880 Oh] -::801) SaeooG 
3.0 875 .880  .883 879 .884 .887 .887 .890 .894 
“he 882 .887  .891 3009 .893 °-.897 .894 .898 ~..901 
e° During “a 
° 51.83 52.99 54.14 5414555.3 56:47 56.47 57.66 58.84 
Period: 
r E=49.56 | ay Stee E=54.14 
0.0 Dl Sae.s20N 624 ‘820 .824° .828 ‘S225 S200 moa 
0.5 Aah Le ee, .836 .840 .844 840 .844 .848 
1.0 846 .851 .854 HPI ACR ey Petey. 855 .860 .863 
i 859 .864 .867 s0D8 =.609. 8 core 1869> “87448 e072 
2.0 IDEs LI e ea, 877 .881 .884 .882 .885 .889 
pee 883 .886 .889 888 .892 .895 892 .896 .900 
3.0 892 .896 .899 897 .901 .904 .903 .906 .909 
tb 900 .904 .907 905 .908 .912 911 .914° 4918 
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Table M. 3 (Contd) 
c. During oF ie x Scale 
f 58.84 60.04 61.23 61.23 62.44 63.64 63.64 64.83 66.02 
Period: 
r E=56.47 E= 58.84 Bee E=G6Ii-z5 
0.0 S28 - 18322 O 30 831 .836 8.840 835 .840 .844 
0.5 S452 640s DOS 848 853 Roy “853 2857 > 2361 
1.0 .860 .864 .868 P04. 2809" 235/72 [ROO 3815. 
be) eT = 207 Oa OOe 3879. <8854 2.887 883 .887  .890 
2.0 886 .891 .894 891 .895 .899 895 .899  .903 
Ie) 898 .901 .905 .903 .906 .910 907 .911 .914 
3-0 9907 2729122 4.914 913° -291644 919 917 .921 .924 
2) 5916. -.92028..923 921 .925 .928 926 .930  .933 
= During 
66.02 67.29 68.56 68.56 69.88 71.19 Filo 2.55930 
Period: 
rf E= 63.64 E=66.02 E=68.56 
0.0 839 845  .849 2845 “4.95123 1856 850 .858 .864 
0.5 856 .862 .867 FOO2 “2 SOm ees 74 E868: 181) Sapel 
1.0 5613 wD LOT Ooe 878 .884 .889 .884 .891 .896 
1 a .887 .892 .896 893 .898 .903 899 .905 .910 » 
2.0 .900 .905 .909 .906 .911  .915 912 3017 Eze 
as) 912 .916 .920 Yi 7. €9730 a O20. 023-. 3929°33933%8 
3.0 9 6 9 2g 930 1992 8* 4.93225 -.936 -934:.,939 & 5942 
3:5 a2 24 Ba es 2 fe! ey .936 .941 .944 9475-2904 fae o0 
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VALUES 


1 


Table 


M. 4 


t (@) t : 
oF P,., / P,.,, 1.€., OVERALL SURVIVAL RATIOS FOR TEN 


YEAR PERIOD CORRESPONDING TO BASE RATE OF GROWTH, T;, 
EXPECTATION OF LIFE AT BIRTH, E AND EXPECTATION OF LIFE AT 
BIRTH DURING THE PERIOD FOR MALES AGED 15+. 


o DUTINg | 45.85 24.06 25.26 
Period: 
; E=20.44 
0.0 119 .728  .736 
0.5 730.739 747 
1.0 140.749 .757 
1.5 149.758 .765 
2.0 157 166.774 
2.5 165.714 .781 
3.0 772.781 .788 
3.5 7719 187.794 

——— 

€o During | 30.08 31.28 32.48 
Period: 
r E=2 7.61 
0.0 146 154.761 
0.5 159 166.773 
1.0 710 .778  .783 
1.5 780.787 .794 
2.0 789.796 .803 
2.5 798 .805 .811 
3.0 806.813 .818 
3.5 813.820. .825 


25.26 26.47 27.67 


age, 
.740 
-750 
.760 
.769 
Ag) 
785 
1191 


32.48 33.69 34.89 


154 
eh O 
178 
189 
198 
-807 
815 
822 


B= 22°55 


Sod 
.749 
139 
.768 
AS: 
185 
Frog. 
7099 


E=30.08 


761 
.774 
Fae) 
pels: 
.805 
814 
O22 
829 


745 
.756 
.766 
776 
.784 
192, 
199 
805 


.168 
.780 
ipod 
801 
811 
.820 
828 
835 


—_— 


BASE 


27.67 28.88 30.08 


138 
.750 
.760 
.770 
sslehe 
188 
i fe 
.802 


B=25226 


.146 
eile 
.768 
eins 
187 
«£95 
.803 
.809 


.753 
.765 
thio 
785 
.194 
.802 
.809 
816 


34.89 36.10 37.30 


76] 
774 
.7186 
S197 
807 
ad 
824 
831 


E= 32.48 


.768 
781 
sfiepe 
.804 
814 
823 
831 
Ot 


174 
.187 
eA, 
.809 


Lg 
828 
.836 
843 
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Table 


0 
Co 


— 


0 
Co 


0 
Cy 


M, 4 (Contd) 
Duri 
eee 37.30 38.51 39.71 
Period: 
r E=34.89 
0.0 Vid, AIRED F7ese) 
0.5 Sree eo «hele 
1.0 .794 .800 .806 
"5 PBO0D2 Hol iameeo LO 
20 POLO UHOLLE ER ODT 
2 82 SS 3 lees PAO 
3.0 UG Pa pe on po ta) 
a5 841 .846 .851 
During 
; 44.52 45.82 47.11 
Period: 
r HE 47-17 
0.0 786 .791  .796 
0.5 .800 .806 .811 
1.0 814 .820 .824 
| kn S20 Ode, eaau 
2.0 eR MET a ey ANT 
toes) TOF SES Oe. 2857 
3.0 856 .862 .866 
3.5 .864 .870  .873 
During 
; 51.83 52.99 56.14 

Period: 

r | E= 49.56 
0.0 | .799 .804 .808 
0.5 $1 3a OLUm oes 
1.0 829 .834 .838 
125 842 .847  .851 
2.0 855 .859  .863 
| .866 .870  .873 
3.0 S71) 4k eas 
Sa. iSO One Roe 


E=37330 


.780 
.794 
.807 
818 
829 
838 
.846 
854 


——— ee 


39.71 40.92 42.12 


.786 
.800 
812 
824 
834 
844 
.852 
859 


42.12 43.32 44.52 


.780 
.794 
.809 
.819 
.830 
.840 
849 
857 


E=39;71 


.786 
.800 
813 
825 
.836 
.846 
854 
.862 


47.11 48.34 49.56 


af al 
.806 
819 
832 
844 
854 
861 
871 


E=44.52 


.796 
.812 
825 
837 
848 
859 
.867 
.876 


.801 
.816 
829 
841 
853 
.863 
.870 
.880 


54.14 55.31 56.47 


804 
820 
834 
848 
.860 
871 
.880 
889 


51083 


809 
824 
‘coe 
852 
.865 
.876 
885 
893 


kA 


805 
.818 
.830 
.841 
850 
859 
.867 


49.56 50.70 51.83 


E=47.11 


pas) 
811 
824 
837 
859 
.860 
.869 
878 


.800 
815 
.829 
842 
854 
.864 
874 
882 


.804 
819 
.833 
846 - 
858 
868 © 
cri 
885 


56.47 57.66 58.84 


E=54.14 


813 
829 
.844 
858 
.870 
881 
891 
899 


—e 


63.64 64.83 66.02 


Table M. 4 (Contd) 
ahs During . 
58.84 60.04 61.23 61.23 62.44 63.64 
Period: 
r E—56.47 E= 58.84 
0.0 awd A818) 7.822 Hid 82h +.826 
0.5 829 .834 .838 wae Ooo 1 ao42 
1.0 844 .849  .853 849 .854 .858 
5 858 .863 .866 864 .868 .872 
2.0 871 .876 .879 876 .880 § .884 
33 882 .886 .890 .888 .892 .896 
3.0 892 .897 .900 898 .902 .905 
3:5 90 .905 .909 907 91 bie vis 
e° During 
2 66.02 67.29 68.56 68.56 69.88 71.19 
Period: 
r E=63.64 F—66.02 
0.0 G2 TOS Lie 30 831 .839 .844 
0.5 842 .848  .853 849 .855  .861 
1.0 859 .864 .869 BOF Sth. e182 
i Wee aS) LOR ood 879 .885  .890 
2.0 886 .891 .896 .893 .898 .903 
e5 898 .903 .907 .904 .910 .915 
3.0 908 .914 .918 1p 7920. 925 
3.5 918 .922 .926 924 .929  .933 


821 
838 
854 
.868 
.880 
893 
.903 
913 


E=6t25 


826 
843 
858 
873 
885 
897 
.907 
.916 


.830 
847 
.862 
.876 
889 
901 
ee: 
920 


TALIC Hes PR WHVE Pet 


E=68.56 


837 
(oD 
871 
.886 
899 
4? | 
APA 
.930 


.846 
.863 
878 
893 
905 
AON eY 
A | 
.936 


852 
869 
884 
898 
910 
BA 
oo 
.940 


85 


Table M. 5 


t+10 t : 
VALUES OF P.,,, / Poo4,1.€., OVERALL SURVIVAL RATIOS FOR TEN 


YEAR PERIOD CORRESPONDING TO BASE RATE OF GROWTH, Tf, BASE 
EXPECTATION OF LIFE AT BIRTH, E AND EXPECTATION OF LIFE AT 
BIRTH DURING THE PERIOD FOR MALES AGED 20 + 


€y During | 45.95 24.06 25.26 | 25.26 26.47 27.67 | 27.67 28.88 30.08 
Period: 
E=20.44 E=22:85 | E=25.26 
0.0 693 = +703° Sari? 104 271325 S71 Lida too ero 
0.5 £103 M13 ee. Gidtseo4 ae ao 239 S34 wea | 
1.0 SLI = coy eel le ee Ae A 1736; Adder | 
1.5 raze ole 7 A0eene She 4c Tf eee Fic 
2.0 MIAO AD Se Ane. id? ote] oe eo TIS42 1620 ai ee 
25 TREAT Whe, Seb: . ee Teller je ene 8: 96740011 Ou ees 
3.0 Bate S4ee 102 1 EL 158= 8100. 0114 10s 1d Seo oee 
3.5 bean (A View Rr es 


OF a Ot OU LLG ee eel OE 


c. During 
é 30.08 31.28 32.48 32.48 33.69 34.89 34.89 36.10 37.30 

Period: 

| B=277307 E= 30.08 E= 32.48 

0.0 7123. O31) | ISS Sivia S130 e 746 139) sthO ear 
0.5 ew aed te bie Sri 4 4 GOL ee, 146 2752. ek Dae 
1.0 4G {754 2761 SOD eLOle ae 709 G30 Sie ere 
ieee, toe ipe idih es 8/58 YOO) Wel feed 1a 174 SIS20 ase 
2.0 eLOG Ne IDG AAT 9 SLIA-?y SEO De oS 184 .791 .797 
“ae tt eile eT SS STO 1S ee ore 194 .801 .806 
3.0 SOLA oor a 105 DOLE lay ee oUS 801 .808 .814 
3.5 of 0% ./96 ©. 802 199 .806 .812 808 .815  .821 


a se 
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Table M.5 (Contd) 


—— 
€o During | 37.30 38.51 39.71 | 39.71 40.92 42.12 | 42.12 43.32 44.52 
Period: 
r E=34.89 E=37.50 E=39.71 
0.0 set Sane. 160s 7547-2760" 766 <)- 2760 8766-772 
0.5 ae TOT 67 174780 SFT 4780 ase 
1.0 ioe 7191185 Ul 179s 786 791 787.793 .798 
1.5 789) 2789 1795), S791 1797? ".803. | 2798 1804 —.810 
2.0 793 .800 .805 | .801 .807 .813 | .809 .815  .820 
2.5 i803 809 815° 811 {817° 4823 |. 4819. .825 1830 
3.0 811.817 .823 | .819 .825 .831 | .828 .834 .839 
3.5 i819 8255 830%"| 1 1827 (83309839 Fk. 836-1842 2847 
e®2 During 
| 44.52 45.82 47.11 | 47.11 48.34 49.56 | 49.56 50.70 51.83 
Period 
, 4a F=44.52 B=47.11 
0.0 Peering 78a 2 TIT a 7gaee | © 77 ek een 
0.5 PSUMA TROND STONI 2787 7996 JO7 I 7592 707 Manat 
1.0 794 .800 .804 | .799 .805 .810 | .805 .810 .814 
1.5 OG CID STi) 212 817 8258-) Wie ego seen 
2.0 Sipe s22 828811 824 (809'a "839 | Gi830.. R35 tR30 
2.5 826 .832 .837 | .834 .839 .844 | .840 .845 .849 
3.0 836 .842 .840 | .841 .849 .851 | .850 .854 .859 
3.5 844 .850 .854 | .852 .857 .861 | .859 .863 867 
ch During 
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Table F. 1 


t+ 10 


t . 
VALUES OF pal / Po, 1.€. OVERALL SURVIVAL RATIOS FOR TEN-YEAR 


PERIODS CORRESPONDING TO BASE RATE 
EXPECTATION OF LIFE AT BIRTH, E AND EXPECTATION OF LIFE AT 
BIRTH DURING THE PERIOD OF FEMALES AGED 0+ 


OF GROWTH, Tf, 


BASE 


Sens 
Seggcune 2510 -26.25 275 | O75 28752300) a00M ales aes 
Peroid: 
r B=22.5 E=25 Ba 
0.0 ‘175 181. 789. |“.783 790.7974 | 79] 9798 BerROS 
0.5 784.791 .799 | .794 .800 .808 | .803 .809 .816 
1.0 792 .799 .808 | .803 .810 .817 | .813 .819 .826 
1.5 800 .807 .815 | 811 .818 .825 | .822 .828 .835 
2.0 307 813% (829. 4 819) =R25 4.832) 1.809 Measemenae 
2.5 S(2 e819) 48271" 4895 S834, 898) eer aGue Ramee 
3.0 Bly 823 /.8Sd ci | 2830+ .835.0 cB ey e841 weedy eae 
3.5 820 .826 .835 | .834 .839 .847 | .846 .851 .858 - 
e° During | 
| 32:5 $33.75 35.0 | 35.09 36125 37:5' | 375. GR SmeaOnT 
Period: 
r E=30 E=32.5 E=35 
0.0 | .799 .805 .812 | .806 .812 .818 | .812 .818 .824 
0.5 811.817 .824 | .819 .825 .830 | .826 .831  .837 
1.0 | (822 .828 834 | 830 .836 .841 | .838 .843 .849 
1.5 831.837. 843° | .840 .845 .852 | .848 .853  .850 
2.0 839 .845 .851 | .848 .854 859 | .857 .862  .867 
2.5 846.852 .857 | .856 .860 .866 | .864 .869 .874 
3.0 852 857 .863 | ..861 .866 .872 | .871 .875 .881 
3.5 856.861 .868 | .867 .871 .877 | .876 .880 .886 
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Table F. 1 (Contd) 


Ia ae ee ae a eS a ST ee ee 
“o 7 a 40.0 41.25 42.5 42.5 43.75 45 45, 46.25 4735 
Period: 
r E=37.5 E=40 E=42.5 
0.0 
0.5 2889) | 8876 9.843 838 .844 .848 844 .749 .854 
1.0 844 .850 .855 851 .856 .861 857 .861 .867 


.818 .824 .829 824 .829 .834 :29 834 839 
802 S670) 8¥2 OS). S 15, geen 


be) 855 .860 .865 


894 .898 .902 900" .98RF .987. 6905 i: SOD Sian elles 
901 .904 .909 907 * 919i 915 51 39 eet 
906 .910 915 14 947 ODI 920 0.925 eed 


2.0 864 .869 .874 871 .876 .881 878 .882 .888 
2.5 sav. .87/7% 882 880 .884 .889 ‘887 | .891°. .895 
3.0 .879 .883 .888 887 .891 .896 894 .898 .902 
¥,5 884 .889 .894 892 .896 .901 .909 .904 .909 
e. During 
: 45 48375 - 50 S0:0:, S525 S235 SPS 5357 ee 
Period: 
r B=45 Ba415 B= 50 
0.0 .834 .839 .844 838 .842 .846 842 .846 .850 
0.5 849 .854 .858 854 .858: .862 858 .862 .866 
1.0 863 .867  .871 868 .872 .876 RPA ewlew sical 
15 874 .879 .883 880 .884 .888 885 .889 .892 
2.0 885 .889 .893 891 .894 .899 .896 .900 .904 


0 . 
€o During | 55.0 56.25 57.5 | 57.5 58.75 60.0 | 60.0 61.25 62.5 
Period 


r Bos.) B55 B= i 
0.0 846 .850 .854 850 .854 = .858 854 .858 .862 
0.5 G27. O0l seep lO EDGIe 5 bleed 07 LA i ame 
1.0 877 .881 = .885 .882 .886 .890 886 .890 .894 
| Ps) 890 .894 .898 Sele siye) | eli. 900 .904 .908 
2.0 024.905 .302 907 910 .914 D129 See 
iad ML Od) oie 10 s.20 928 2 RO 2 eee 
3.0 IA) Es  -9Z6 925) U2 hee ne 9315 934 er 8 
3.5 a0 2504 9.9354, UbPi ee bbe 49k) 937 .940 .944 


105 


Table F, 1 (Contd) 

e? During ie Sree see be 
62.5 63.75 65.0 65:0 °66.25. "675 67.5 68.75 

Period: 

r E=60 E=62>5 E=65 
0.0 oO /-bOlee aso 861 .865 .869 864 .868 
0.5 O/5475879) 2 8s4 879 .883  ~=—.887 882 .886 
1.0 891 .895 .898 895 .898 .902 899 .903 
5 .904 .908 911 .909 .912 .916 i011 4933 
2.0 917 .920 .923 9215 9248-2028 925 .929 
a5 0927-29303. 2933 .931 .934 .938 .936 .939 
3.0 1936 2.938) -3:942 .940 .943 946 945 .948 
B25 .943 .946 .949 .948 .950 .954 952 .956 

Be Divine 

' 40.0 ef 15 See (Pee Fee bye at) fenihe lies 
Peroid: 

r E=67.5 E=70 E=72.5 
0.0 how Herp Ee tee aa 77 SI) pO Oe con 876 .883 
0.5 886 .891 .895 890 .896 .900 895 .901 
1.0 1902 34907" = -OF] 907: .912=- 916 911 .916 
5 OTT 9245-2 995 22-0 926ie..999 .926 .930 
2.0 7930 1.933% = :937 934 .938 .942 .938 .942 
= Abe] .940 .943 .946 .944 .948 .95] .949 .952 
3.0 949 (953 .956 954 .957 .960 .958 .961 
5.5 957 .960  .963 961 .964 .966 .965 .968 
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70.0 


.872 
.890 
.906 
918 
a2 
942 
951 
958 


phy 


887 
905 
Uy 
BF 
945. 
955 
.963 
.970 


ables, Foe 


t+ 10 Cs 
VALUES OF P,;, / Ps, 1.€. OVERALL SURVIVAL RATIOS FOR TEN-YEAR 


PERIODS CORRESPONDING TO BASE RATE OF GROWTH, f, BASE 
EXPECTATION OF LIFE AT BIRTH, E AND EXPECTATION OF LIFE AT 
BIRTH DURING THE PERIOD OF FEMALES AGED 5+ 


ee 

Sune 25.0 26.25 27.5 | 27.5 28.75 30.0 | 30.0 31.25 32.5 
Period: | 
r B=22.5 B=25 E=275 
0.0 eT 19 786.1, 719 18 T 93 78 794 es 
0.5 783 .791 .798 | .792 .799 .805 | .800 .806 .812 
1.0 794 801 .808 | .803 .810 .816 | .811 .818 .824 
1.5 804.811 .818 | .813 .820 .826 | .822 .828 .834 
2.0 812 .819 .826 | .822 .829 .835 | .831 .837 .843 
2.5 820 827 .833 | .830 .836 .842. | .839 .845 85] 
3.0 827 .834 .840 | .837 .843 849 | .846 .852 958 
AG 833.840 .846 | .843 .849 .855 | .853 .859 864 


0 . ial =e, ie i oa 
€o9 During Oy ae) yD ,0h ea y.0) 30.252 5.1.5 365550. ae 


Period 
r F=30 Ba=32-5 B=36 

0.0 794 .800  .806 800 .806  .812 (8064:.81 2asemcias 
0.5 807.813 .819 SIS= R70. 825 202) 6230 
1.0 819° 825% "831 PAS pete Be Sain ea! 833 .838 .843 
ie 829 .836 .841 837 .843 .848 844 .849 1854 
2.0 839 .845 .850 S47" 2853.7 857 854 .860 .864 
Pe 848 .854 .858 856 .861 .866 .803.5).508- meeeo 
3.0 855._..860" - 1865 863 .868 .873 Dhl": 8705 F880 
a 861 .867 .872 870 .875  .880 OT [882 FaO8 TL 


Table F. 2 (Contd) 


——_ 
cae ne 40.0 41.25 42.5 | 42.5 43.75 45.0 | 45.0 46.25 47.5 
Period: 
Jf 
0.0 S11 .817. .822 | .816 .822 .826 | .821 .826 .831 
0.5 826 .831 .836 | .831 .837. .841 | .836 .841 .846 
1.0 838 .844 849 | .844 .849 .854 | .850 .855 .859 


002.5078 | sang 


E=37.5 E=40 E=42.5 
856 .860 


— 
N 
(oe) 
N 
—" 


861 .866 .869 867 .872 .876 875 .878 .882 
a4 sO 102 ".S%5. 880 876 .881 885 882 .887 .891 
3.0 878 .882 .887 885 .889 .893 891 .895  .899 
at 885 .889 § .893 892 .896 .900 898 .903 .906 
M4 During 
A/¢y S482 OU.0 50,0 MS. 1258 onc 52:5.1259 5 eo 
Period: 
i B= 45 | b=47-5 E500 
0.0 826 .831 835 829 .834 - .837 833 .837 .841 
0.5 841 .846  .850 845 .850  .854 849 .854 .857 
1.0 855 .860 .864 860 .864 .867 864 .868 .872 
15 808 .of2"" .870 873 .877  .880 877 .881 .884 
2.0 s079. 888" 2887 884 .888 .891 888 .893 .896 
25 889 .893. .897 894 .898 .901 899 .903 .906 
3.0 897 .901 .905 902 .906 .909 908 .912 915 
Shi .904 .908 .911 910 .914 .917 91S. BIOS eye 
e°? During 
; In0 . 56225 S75 S7T.5° S875 60.0 60.0 61.25 62.5 
Period: 
ee Pe ee eres ee eee oY 
r | elon 4) E> iO Le 
0.0 837 .841 .845 841 .845 .849 844 .849 .853 
0.5 .853 .858°. .861 858 .862 .866 .862 .866 .869 
1.0 :868 .872* 877 875 .877.- .880 877 881 8.884 
1.5 882 .886 .889 887 .891 894 891 .895 .899 
2.0 894 .898 .901 899 .902 .906 .903 .907 .910 
25 904 .908 .911 909 .913 .916 914 918 .921 
3.0 913 917 .920 918 .922' .925 923 .927 .930 
325 921 .925 .928 926 .929 .932 8 .9344937 


fable F. 2 (Contd) 
e) During 
Gls, Gaim G0 69-07 60:25" 67,5 67.5 68.75° -/0:0 
Period: 
r E=60 EB=625 E=65 
0.0 848 .852 .856 81 6.856 =. 859 “S5D° (O93) eesode 
0.5 | OO) 92010) 2b73 209% =873, 878 312 Sif #850 
1.0 881 .885 .889 885 .889 .892 889 .893  .896 
| ia 695 .899 .902 .899 .903 .907 902 .905 .909 
2.0 ODSs 1-912N4 915 912 .916 .919 -O16..7:9208 paves 
Pod -D1sos ao ee 2D O23 D260: O29 927. 29317934 
3.0 920 .931 .934 327-9356" 932 937 941 .944 
=) .936 .939 .942 .940 .943 .946 945° .949° 951 
e°® During 
TOO leo ee Pe) Ae FAY, 7TS.0F 76-2550 
Period: 
r E=675 E=70 B= 25 
0.0 858 .864 .868 .863 .870 .874 ‘867: 9.8714 ease lo 
0.5 877) 882. 886 881 .887 .891 886 .892 .897 
1.0 7693; -898 ~ .902 898 .903  .907 902 .908 .912 
15 908 .912 .916 19 133-29 Li? 991 917) 922 g26 
2.0 107.925. 928 10257 > 9302 29354 930 .935 .938 
eb 950. «938 .936 .940 .944 941 .945 .948 
3.0 941 .945 .948 946 .949 953 950: .954° > °.957 
2 950 .953 .956 954 .957 .960 958 .962 .964 
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Table-Er3 


t+ 10 t 
VALUES OF Pe, / Piog OVERALL SURVIVAL RATIOS FOR TEN-YEAR 


PERIOD CORRESPONDING TO BASE RATE OF GROWTH, I, BASE 
EXPECTATION OF LIFE AT BIRTH, E AND EXPECTATION OF LIFE AT 
BIRTH DURING THE PERIOD OF FEMALES AGED 10+ 


eRBURE: 25:0 26:25-27.5 |} 275 28-75 300 | -300- 3125 28 
Period: 
r b- 225 eae oe E275 
0.0 S460 ath 762° 7.0 eoate. 710) eee 
0.5 65). 173" = 780 |. 774 Roe 789 el ooo 0 eee 
1.0 995° 483. 700° |79.485- .793). 799. (2194 S01 ROT 
1.5 41857 :793'. 900° |i 2795" 809-809. | R04 811 Caeiy 
2.0 793 .801 .808 | .804 .811 .817 | .813 .820 .826 
2.5 Role 909. “815. 1° 4812 819: {825. | 3820" (908 wes 
3.0 B08 .81S: $22. | 819. 26. 839 1293297 835 Ra 
3.5 B14 ORT. BOR. |) R25) (B39) 858s |: R95: R42) ead: 
0) j 
SOP 2ULINS 395 233.15¢ 35.0 = .3510.-3605 937.5512 BIS) oe See 
Period 
| 
c jr Fe32.5 | Bo 
0.0 778.785 .791 784 .791 .797 | .790 .797 802 
0.5 .790 .797 .803 | .798 .804 .810 | .804 .810 .816 
1.0 802 .809 .815 | .810 .816 .821 817 .823 .828 
1.5 ‘813 .820° 7.825 |) 820° 897) 91833 yo 826 Na adeea 
2.0 822.829 .834 | .830 .837 .842 | .838 .844 .849 
2.5 ‘831 2.837 842°. 2839) h45. We bsg 9) kay 8 asa eee 
3.0 838 4844. 850: <| 1846. (852 38570 ) = 8560 -ReOmenRGG 
3.5 845 851 .856 854 860 .864 | .862 .867  .872 


Table F. 3 (Contd) 
™ During 
40.0 41.25 42.5 Ag. 45075; S00 45.0 46.25 
Period: 
r E=37:5 E=40 E425 
0.0 .196 .802  .808 RO? .°808..— 812 807 .813 
0.5 ll RGSS 822 Wise: bee 822 .828 
1.0 823 .829 .834 .830 .835 .840 .836 .840 
| Yes 383) 6.841 846 3842° -.847. ~.851 848  .853 
2.0 845 .851 855 (R521 4857 >. 862 858 .863 
2:5 855 .860 = .865 e8621-000 “s:.004 868 .873 
3.0 .863 .868 .872 6105689305 On? 877 = =.882 
3) S701 875- -.879 877i 832-886 .884 .889 
e° During 
: 47:5 48-75: 500 50.0 S125. O25 52-5. 53875 
Period: 
r | B=45 | E=47:5 E=50 
0.0 Ria) [BAe chee 816 .824 .825 2820. 82 
0.5 827 .832 = .837 832 .837  .840 836 .840 
1.0 841 .846 —.850 846 .850 .854 850 .855 
15 5853 .859 862 859 .863  .867 .863 .867 
2.0 865 .869 .874 .870 .874 .876 875 .879 
2S 875 .880  .883 881 .885 .888 885 .890 
3.0 884 .889 .892 889 .893 .896 895 .899 
5 890 .895  .899 897 .901 .904 902 .906 
e° During 
2 j 45:0 S560:25 575 yeahs) OLO 60.0% 61le25 
Period: 
r B= 52:5 E=55 i oe Oe 
0.0 024. 3829  .833 Se tO 45t eS OAL .832-9-Nor 
0.5 840 .845  .848 845 .849 .853 849 853 
1.0 tire ii ak Rael: 860 .864 .868 864 .869 
ics POAT RY ee 874 .878 .881 879 .883 
2.0 .861 .885 .888 886 .890 .894 891 = .895 
Zs) 892 .895 .899 896 .900 § .903 901 .906 
3.0 901 .905  .908 906 .910 .913 A cea hha 
35 .909 .913 .916 914-2917 5941 Py Pie ES 


47.5 


62.5 


841 
857 
a od 
887 
898 
909 
918 
ALP SS: 


tid 


Table F. 3 (Contd) 


—_—_— 


Go During | 62.5 63.75 65.0 | 65.0 66.25 67.5 | 67.5 68.75 70.0 
Period: 
r F=60 E=62.5 E=65 
0.0 836 .840 .844 | .839 .844 .848 | .843 .848 .852 
0.5 853.858 .861 | .857 .862. .866 | .861 .865 .869 
1.0 869) .873. .877. | .873 1877. 881) |mueB) 7 Se zeae 
1.5 883 887 .890 | .887 .891 .895 | .890 .894 .898 
2.0 895.900 .903 | .900 .904 .908 | .905 .909 .918 
Ds 906 910 914 | 911 .915 .918 | .916 .920 .923 
3.0 916 .920 .923 | .921 ,925 .928 | .926 .930 .935 
3.5 925 928 .931 | .929 .933 ,936 | .935 .939 .942 
Cr During 
| 70.0, 71:25 72:5 | 772.5 73415 975.0" | a1 5.0 ei oommeraes 
Peroid: 
r E=67.5 E=70 E=72.5 
0.0 847.853 .858 | .853 .860 .864 | .857 .865 .870 
0.5 865" .871- .875: | 1870 ..876 881; | 9.876 -S82esss 
1.0 881 .887 891 | .887 .893 .897 | .892 .898 .903 
1.5 896 .901 905 | .902 907 .911 | .907 .912 .916- 
2.0 910 914 .918 | .915 .920 .924 | .920 .925 .929 
2.5 921 .925 .928 | 926 .931 .934 | .931 .935 .939° 
3.0 931 .936 .939 | .936 .940 .944 | .941 .945 .949 
3.5 940 .943 947 | .945 949 .951 | .950 .954 .957 
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Table F. 4 


+10 


t t 
VALUES OF P.5, / Pis, OVERALL SURVIVAL RATIOS FOR TEN-YEAR 


PERIOD CORRESPONDING TO BASE RATE OF GROWTH, f, BASE 
EXPECTATION OF LIFE AT BIRTH, E AND EXPECTATION OF LIFE AT 
BIRTH DURING THE PERIOD OF FEMALES AGED 15+ 


eo uting P56 957.) 275 28.75-30.0-|. 30.05 31.25 325 
Period: 
r B=22.5 B=25 B=27.5 
0.0 Paden acer) i4 bo 14367512 2758.1 2751 9 75 Oeee TOG 
0.5 a smecs3earvel |) 154 50763 770. 117634 Tle STs 
1.0 eam 763. Tle | 765 | 7730-780: | .7752 782-980 
1.5 164.772.7180 | .774 .782 .789 | .784 .792 .798 
2.0 72) 78D) 788 | -7839 791. .798- | _.7934.801. 807 
2.5 719 .788 .795 | .791 .799 .805 | .802 .809 .815 
3.0 786.794 .801 | .798 .806 .812 | .809 .816 .822 
a5 792 .800 .807 | .804 .812 .818 | .815 .822 .828 

oe 

coe une Be 385959 935:0 |) 35.0. 365) 37.5" (9.37.5) 3840 
Period: 
r E=30 B=325 Baas 
0.0 S160) 67, “773. (167) 774 © .780.- \s04773), 780s 
0.5 112.719. .785 | .780 .787 .792. | .787 .793  .799 
1.0 783.791. .797 | .792 .798 .804 | .799 .805 811 
1.5 794 .801. .807 | .802 .809 .815 | .810 .816 .822 
2.0 803 .810 .815 | .812 .819 .824 | .820 .827 .832 
2.5 812 .819 .824 | .g21 .827 .833 | .829 .835 .840 
3.0 819 .826 .831 | .828 .834 .840 | .837 .843  .849 
3.5 826 .832 .838 | .836 .842 .847 | .844 .850 856 
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45.0 46.25 47.5 


— 


fol 
.806 
819 
831 
842 
{PP 
861 
869 


SEES) 


E=423) 


BiH: 
812 
824 
836 
847 
.857 
.866 
.874 


802 
817 
.830 
841 
852 
861 
.870 
878 


55.0 


814 


829 
844 


856 
.868 


878 


888 


.896 


62.) 


Table F. 4 (Contd) 
0 ; 
Beene | 40.0 41.25 42.5 | 42.5 43.75 45.0 
Period 
r B=37-5 E=40 
0.0 F780. 1866 192 | 18h oo TOT 
0.5 794 .800 .805 | .800 .806 .811 
1.0 806 «.812>-5.817+4| 813 2818q .824 
1.5 S18. .894--..8207.] “98951 sap) ena 5 
2.0 828 .834 .838 835 .841 .845 
5 837 843  .848 845.850  .855 
3.0 846 .851 .856 | .853 .859 .863 
3.5 853.858 .863 861 .866 871 
0 %, 
fo During | 47.5 48.75 50.0 | 50.0 51.25 52.5 
Period 
r E=45 E=47.5 
0.0 797 .803 .807 | .801 .806 .810 
0.5 PSI Qee RTT es ROD al WOSI 7 sol se BOS 
1.0 823 § 831) .B84e* |'M1R30 6.835 + 839 
1.5 837.843 .847 | .845 .848 .851 
2.0 849 .854 .858 | .854 .859 .863 
2.5 859 .864 .868 | .865 .869 .873 
3.0 (ROSES IDG EST NP eR 73e (878 wees t 
3.5 875 .880 .884 | .882 .887 .890 
0 2 
acre T ae 55.0 56.25 57.5 | 57.5 58.75 60.0 
Period: 
r E=52.5 E=55 : 
0.0 R10) S14. Belge eek I 4a 819 88 
0.5 825, .830.- S40 | 38306 835. 839 
1.0 840 .844 .849 | .845 .849 .854 
1.5 1853) S858. 862 “\gkR590 Rake ass 
2.0 365° S870. R74 ERT Ie Meise a 7a 
2.5 877 .880 .884 | .882 .886 .889 
3.0 886 ,890 .894 | .892 .896 .899 
3.5 894 .899 .902  .900 .904 .908 


Table F. 4 (Contd) 


———~ 
ome 5556375: 65.0 65.0 166.25. 67.5. |. 67.5 68.75' 70.0 
Period: 
r E=60 E=62.5 E265 
0.0 822 .827 .831 | .826 .831 .835 | .830 .835 .839 
0.5 839 .844 .848 | .843 .848 .853 | .847 .852 .856 
1.0 855.859 863 | .859 .864 .868 | .863 .869 .872 
1.5 869 .873 .817 | .873 .878 .882 | .876 .880 .884 
2.0 881 .886 .889 | .886 .891 .895 | .891 .896 .900 
2.5 892 .897 .901 | .897 .902 .905 | .903 .907 .911 
3.0 903.907 .910 | .908 .912 .915 | .914 .918 .921 
ae 911 .915 .919 | .917 .920 .924 | .922 .927 .930 
e, During 
7 70.0 71.25 72.5 | 72.5 73.75 75.0 | 75.0 7625 71.5 
Period: 
| 
| E=67.5 E=70 B=72:3 
0.0 | 834 841 .846 | .841 .848 .853 | .846 .853  .859 
0.5 | (852 .858 .863 | .858 .864 .870 | .864 .871  .877 
1.0 868 .874 .878 | .874 .881 .885 | .880 .887 .892 
1.5 883.888 .893 | .889 .895 .g99 | .895 .901 .905 
2.0 896 .902 .906 | .903 .908 .912 | .908 .914 .918 
2.5 908 .913. .917 | .914 .919 .923 | .920 .925 .929 
3.0 918 .924 .927 | .924 .929 .933 | .930 .935 .939 
3.5 928 .932 .936 | .934 .938 .941 | .939 .944 .948 
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Table F 5 


t+ 10 


PeeVALUES ‘OF P55, . | Page OVERALL SURVIVAL RATIOS FOR TEN-YEAR 


PERIODS CORRESPONDING TO BASE RATE OF GROWTH, f, BASE 
EXPECTATION OF LIFE AT BIRTH E AND EXPECTATION OF LIFE AT 
BIRTH DURING THE PERIOD OF FEMALES AGED 20+ 


Cos Urine 25 26.25 27.5 a5 mas ms | ms ms iw dp ac ely cyl ok 2 
Period: 
r pbs ae E95 E=9755 
0.0 Libl ope eeunliy: lepp ore es sey eevkgh AG) oe 
0.5 7932-732 740 | 47337) 42 2 7401-1 Aes Le 
1.0 133 740s 7508s | LATAAY. 15280 .47505.1|engod to762 abo 
1.5 Abs 7518. 7508s |, 2153 0 T6116 a fot aa eee 
2.0 7501505, 100 62 710% TT Td oad RO 
2.5 G57- 166. TIt. | 4190 7782-785 | 2eI81 7 88 ease 
3.0 764; T7Be 780%. | “7771 785): -792". | ears 796, MeeOee 
3.5 710.779 .786 | .783 .791 .798 | .795 .802 .809 
a During | 
B05 S395 95,05 | 235.0 625: 375 8 eT ous 
Period: 
, E=30 B=325 B35 
0.0 TA) STARMAN ISA) AET48 2755: 761. 8) ys Oo eee 
0.5 FSDETSOE= 766. | MI60 LATOR 773.04 ete eee nee 
1.0 fe GGe 171. ITT |, 4772) 2719) 2185. | RO aE 
1.5 TI3C81R1 AIST.) A782 0790" 5796 Segoe oy ee 
2.0 782.790 .796 | .792 .799 .805 | .801 .808 .814 
2.5 791 .799 .804 | .801 .808 .814 | .809 .816 .822 
3.0 798 .806 .812 | .808 .815 .820 | .818 .824 .830 
3.5 806 .812 .819 | .816 .823 .829 | .825 .832 .838 
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Table F. 5 (Contd) 


ee 
adele 40.0 41.25 42.5 | 42.5 43.75 45.0 | 45.0 46.25 47.5 
Peroid: 
r e385 F=40 E=42.5 
0.0 "F6l. -76R 774. | = JOT a7 aa eee 
0.5 TIS. 2781 .TRT «|! 782) 188. 9a eae Oe 4 
1.0 787.794 .799 |. 794, 800 —.806) {29801 806 6 ele 
1.5 799 .805 .811 806° 125 81e hentiss le Seno 
2.0 809 .815° .819 | .845 .822 .827 | .824 .829 4835 
2.5 S19 1825 .830 | 826 830 “837 (ue eodge ni0eeeoee 
3.0 BOT. 0833 838 | > 835 .841. 846 te eda ean eens 
3.5 834.849 .845 Hees 843.849 .954 | .851 .857 .861 
ey Durme | 47.5 48.75 50.0 Desig | 473 48.75 500 | s00 5128 325 | 325 3 50.0 51.25 52:5 | 52:5) 53,05eaoe0 
Period: 
aes - | 
r B=45 Ead7s E=50 
0.0 779,785. 790 | .784) .789° .793 |- 4788) 7o4eeemron 
0.5 | 794 .800 .804 .799 .804 .808 804 .808 .813 
1.0 R07 .813 © .817 | B13) 818 ~.$22° | S18) 820s on 
1.5 | 819 .825 .830 | .826 .830 .834 | .830 .833 .839 
2.0 83]. .836.. 841. | 837 842, 846: |. 18426 cage 
2.5 841 .847 .851 ; .848 .852 .856 | .853 .858 .862 
3.0 ES S)ERR|PES 851 855-860 | 8567 ‘861 ~ 865 | -.863 = 86S anesae 
3.5 858. (863.867 | .866 .870- 874 “| 1870) Ripeeeere 
e§ During $5.0. 56.25 575° | 57.5 = °58.15.- 60.0--\ 360.0061 meoning 
Period 
r R335 pos E=57.5 
0.0 793 «798 802 | .798 .803°_~.807 | = 802 ROR ee ate 
0.5 808 .814 817 | .814 .818 .823) (7 Riee 823. Sees 
1.0 823 .828 .832 | .828 .833 .837 | .833 .838 842 
1.5 836.841 .845 | .842 .847 .850 | .847 852 .857 
2.0 B48 9.853.857 | .854" 859. 2863" |e 860) Rod Res 
2.5 859 .864 .868 | .865 .870 .873 | .871 .876 .880 
3.0 869 .874 .878 | .875 .880 .883 | .881 .886 .889 
3.5 878 .883 .887 | .884 .888 .892 | .890 .894 .899 


ables PF, 5° (Contd) 


Soige pice 62.5. 63.75 65.0 | 65.0 66.25 67:5 1 G75) GSM ommED 
Period: 
f B=60 E=62.5 pera: 
0.0 806 .812 .816 | .811 .816 .820 | .815 .820 .825 
0.5 823 828 .832 | .828 .833 .838 | .832 .837 .841 
1.0 838 .843  .847 | .843 .848 .852 | .848 .853 .857 
1.5 852 .857 .861 | .857 .862 .866 | .860 .864  .869 
2.0 865 .869 .873 | .870 .875 .879 | .875 .880 .884 
2.5 876 .881 .885 | .882 .886 .890 | .888 .892 .896 
3.0 887.891 .895 | .893 .897 .901 | .899 .903  .907 
3.5 896 .900 .904 | .902 .905 .910 | .908 .913 .916 
e? During 
3 70.0 71.25 72.5 | 72.5 73.75 75.0 | 75.0 7625) 975 
Period: 
r 6725 E=70 hao 
0.0 820 .826 .832 | .826 .834 .840 | .832 .840 .847 
0.5 837.843 .848 | .843 .850 .856 | .850 .858 .864 
1.0 853.859 .864 | .860 .866 .872 | .866 .873 1879 
1.5 867.873 .878 | .874 .881 .885 | .880 .887 .892 
2.0 881.887 .891 | .888 .894 .899 | .894 .901 .905 ° 
2.5 893.898 .902 | .899 .905 .910 | .906 .911 .916 
3.0 903 .910 .914 | .910 .916 .921 | .917 .922 .927 - 
3.5 914 .918 .923 | .920 .925 .929 | .926 .932 .936 
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Estimation of Mortality from a Single Age 
Distribution of Population 


M. L. Srivastava 


The author has discussed a number of relationships between 
fertility and mortality characteristics in stable female population 
(1966 a, 1966 b, 1967). The approach has been through graphic 
analysis of characteristics in 42 stable female populations specially 
constructed for the purpose. The methodology of constructing 
these stable populations is discussed in the articles referred to and 
need not be repeated again. However, it may be mentioned that 
the level of fertility in these populations was determined by the value 
of the gross reproduction rate (GRR) and the age pattern of fertility 
was defined by the distribution of the GRR over the age groups 
15-19, 20-24, ..., 40-44 years in the ratio 1:7:7:6:4:1 (United 
Nations 1956). The mortality levels and patterns were those given 
by U. N. (1956) Model Life Tables at specified levels. The main 
purpose of studying these relationships was to obtain simplified 
methods of estimating demographic characteristics ina population 
through Stable Population Theory. Thus, several graphs were 
presented for the purpose and it was assumed that at least two 
characteristics distinctly different (Coale, 1963) were available for 
estimation of others. !t was stressed by Srivastava (1967) that the 
age distribution and the rate of population growth were easily 
obtainable and therefore knowing these two, others could be 
estimated through the application of the graphs. 


It is quite possible, particularly in countries which have only 
one census record, that we have only the age distribution and not the 
rate of population growth. Or, even if we have these information, 
both might be subject to error. Thus, assuming that only the age 
distribution in the population is known, a method is developed here 
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which can facilitate estimation of various demographic characteri- 
Stics ina population under study. In the present paper we will, 
however, confine our attention to the estimation of mortality level 
alone. The age distribution of the Indian population as in 1961 
will be taken as an illustration. 


Since our method uses only the age distribution in a popula- 
tion for the estimation of various demographic characteristics, it 
automatically eliminates the effect of error (if there is any) in 
observed rate of population growth on the estimates of demographic 
characteristics. This is a distinct advantage in using the method of 
estimation discussed in the present paper. 


Method 


The main principle of the methodology given here dwells on 
the graduation of the observed age distribution by the stable age 
distribution. For this, two moments of the former distribution 
(i.e., mean and variance) are equated to the respective moments of 
the latter. The difficulty of obtaining simple and explicit expressions 
which could be used for the estimation of demographic characteri- 
stics in the observed population, is solved to a great extent by 
exploiting the property of empirically observed interdependence of 
the two moments of stable age distributions satisfying certain 
conditions that relate to the patterns of fertility and mortality 
described earlier. 


Table 1 presents the values of the mean and the percentage 
of coefficient of variation in stable female populations with specified 
values of GRR and the expectation of life at birth (eo). These 
values are plotted on an ordinary graph paper with mean age (Mf) 
on the X-axis and the percentage of coefficient of variation (Cr) on 
the Y-axis. These points are shown in figure 1 wherein it may be 
noted points (Mr, Cr) referring to stable female populations defined 
by different values of GRR and the same schedule of mortality lie on © 
an almost straight line. Thus we observe six straight lines each 
referring to a mortality schedule considered. Also, it may be noted . 
that these straight lines form a set of almost parallel and stratified 
regions which permit an unique location of a point (Mr, Cr) fora 
stable female population with known GRR and e?. 
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Table 1 


MEAN ( Mr) AND PERCENTAGE COEFFICIENT OF VARIATION (Cr) FOR AGE 

DISTRIBUTIONS OF STABLE FEMALE POPULATIONS WITH SPECIFIED VALUES 

OF THE GROSS REPRODUCTION RATE (GRR) AND THE EXPECTATION OF 
LIFE AT BIRTH (€0 ) 


GRR ej for females 
20.20 30.40 40.74 ay BS 62.05 71.80 
1.0 Mr 3935 39.44 Bed, Bae, 39.86 39.58 
Cr 52.21 54.11 55.42 56.61 57.98 59.20 
rs My S355 33.18 pacl2 33.00 32.61 32.16 
Cr 60.32 62.87 64.64 66.21 67.86 69.25 
2.0 M, 29.58 ZOeod 25.10 28.42 2S 27.43 
C, 66.19 69.04 71.08 72.80 74.47 75.94 
Boy Mr 26.70 25.96 ead. fol 24.69 24.19 
Cr 70.60 peabays atten ep ea 79.18 80.57 
3.0 Mr 24.50 23.68 23.24 22.84 fRi Aes 21.83 
Cr 74.04 77.11 79.26 81.00 82.62 $3.92 
37) M; Laad Zama 21.44 21.02 20.51 20.05 
Cr 76.84 12583 82.00 83.68 85.23 86.38 
4.0 M- 21.34 29.49 29.00 19.58 19.09 18.65 
Cr 79.10 82.09 84.15 85.75 87.17 88.26 


Note: GRR is distributed over the age groups 15-19, 20-24, ... 40-44 years 
Wteiratio i 2 O41: 


Mortality pattern is given by U.N. model life tables with specified e&. 


To complete the estimation for the total population, we 
needed a graph similar to figure 1 for stable male populations. 
This necessitated the calculation of stable age distributions for males. 
The following method was used to arrive at these age distributions. 
The intrinsic rates of growth for stable female populations obtained 
by combining specified values of GRR and e? for females were 
assumed to represent such rates for male populations. These 
assumed rates were combined with the mortality schedules for males 
given by U.N. Model life tables at levels corresponding to those 
used for female populations and the stable age distribution and other 
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Characteristics for males were obtained. The formulae used can be 
obtained in several sources (Abdel Aty, 1961; Glass, 1940; 
Srivastava 1965, 1966 a). It may be noted that the same level of 
U.N. model life tables gives different schedules of mortality for 
males and females. Thus our stable male and female populations 
have the same rate of growth but different mortality schedules 


corresponding to the same general level of mortality of U.N. model 
life tables. 


Table 2 gives the values of the mean (Mm) and the 
percentage coefficient of variation (Cm) for the age distributions of 


Table 2 


MEAN (Mm) AND PERCENTAGE COEFFICIENT OF VARIATION (Cm) FOR AGE 

DISTRIBUTIONS OF STABLE MALE POPULATIONS WITH SPECIFIED VALUES OF 

THE GROSS REPRODUCTION RATE (GRR) AND THE EXPECTATION OF LIFE 
AT BIRTH (€8) 


GRR e, for males 
19.80 Pde es We 39.24 48.72 58.82 68.56 
0) Mie 38.00 38.28 38.66 38.75 Shrew! 38.33 
Cr 52.08 54.21 55.74 pial 58.52 59.69 
baie ee Bt 32.64 S230 32333 32.09 31.67 Slee 7, 
C. D929 62.54 64.55 66.34 68.05 69.43 
2.0 M.. 25775 28.42 28.13 27.74 Dies 26.78 
Ge Gosh) 68.40 70.74 72.64 74.44 75.80 
ae 26.28 255) 20.45 24.68 24.15 23.69 
C. 69.25 72.88 Thsy Abe ¥7323 78.96 80.29 
3.0) “MS 24.21 23.41 Patt Pd 22.42 21.89 21.45 
ea TT 76.12 78.62 80.60 82.28 83.50 
Bede “alView 22°51 PALE PALE, 20.69 20.16 19.74 
Ga 75.28 fits 81.31 83.18 84.82 $2.92 
40 M, 2 2035 19.81 Li i 18.80 18.39 
ex ieyT 81.03 83.39 So:19 86.76 87.87 


— — Eee 


Note: a. Fertility and mortality schedules are the same as noted in footnote 
to Table 1. 


b. GRRs refer to female births and female populations as in Table 1. 
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stabe male populations described in the preceding paragraph. The 
sets of points (Mm, Cm) in 42 stable male populations with specified 
combinations of GRR (in relation to female births) and e§ for males 
as shown in figure 2 exhibit a feature similar to that of figure 1. 


Figures 1 and 2 bring out the relationship that fora given 
level of ce (for either male or female) the percentages coefficient of 
variation and the means of stable age distributions of either sex are 
linearly related. Also, a change in the value of e° within the set of. 
e°’s considered shows that the linear relationships are almost parallel. 
This property is exploited in the following paragraphs to estimate 
the level of mortality in India. In fact other demographic 
characteristics can also be estimated but these will be discussed in a 
subsequent paper. 


Application of Figures 1 and 2 


Figures 1 and 2 can be used to estimate the level of e§ 
respectively for females and males in a population. This will imply 
that the populations have stable age distributions and experience the 
patterns of fertility and mortality that are associated with these 
figures. The method of estimation described below is based on the 
graphic interpolation and considers the female populations as an 
illustration. 


For the observed age distribution of females calculate the 
mean age (M’r) and the percentage coefficient of variation (C’s). The 
estimates (M’r, C’s) can be used to locate a point in figure 1. The 
values of e° for females corresponding to two straight lines which 
fall on either side of this point can then be determined. Simple 
interpolation of these values of e$ for females in proportion to the 
perpendicular distance between the straight lines which are on either 
side of the point (M’r, C’rs) will yield the value of the level of e? for 
females in the population. To facilitate interpolation, the four 
points of figure 1 which enclose the point (M’r, C’s) can be enlarged 
on a simple graph paper. Once the level of e} is obtained, the 
values of the probability of dying within five years of age (,qx) can 
be obtained by interpolating (,qx) values of U.N. model life tables 
that refer to e2’s which lie on either side of the estimated e° in the 
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population, The interpolation factor will remain the same as that 
for estimating e? from figure 1. Other columns of the life table 
can then be obtained easily. 


A similar procedure may be adopted for obtaining the level 
and pattern of mortality for male population from figure 2. It 
may be pointed out here that figures 1 and 2 can also be used to 
estimate the level of the gross reproduction rate in the population. 
Using the estimate of GRR and e®, estimates of other demographic 
characteristics in the population can be obtained. 


Table 3 


PERCENTAGE DISTRIBUTION OF PERSONS ACCORDING TO AGE AND SEX, 
INDIA, 1961 


Males Females 

Age group Unadjusted Unadjusted 

(in year) (observed) Estimated (observed) Estimated 
(1) (2) (3) (4) (5) 
0-4 14.69 1L35 15.48 15.86 
5-9 14.63 12.87 . 14.86 13718 
10-14 11.62 11.41 10.83 11357 
15-19 8.23 10.21 8.13 10.15 
20-24 8.05 8.88 9.00 8.82 
25-29 8.20 7.74 8.49 7.61 
30-34 7.07 6.73 6.98 6.54 
35-39 6.02 5.82 5555 5.60 
40-44 535 5.00 5.06 4.78 
45-49 4.31 4.23 3.91 4.04 
50-54 4.04 3.50 SETS 37 
55-59 2.34 2.81 2.14 Ze 
60-64 2.52 2.16 2.60 225 
65-69 1.09 £55 1612 1.58 
70-74 0.95 1.00 1.06 1.05 
75-79 0.38 0.54 0.40 0.59 
80-84 0.32 0.23 0.39 0.26 
85 + 0.19 0.08 0.22 0.10 
Total 100.00 100.00 100.00 100.00 

Mean 24.49 24.18 

Standard deviation 18.83 18.92 

Percentage coefficient 

of variation 76.89 78.24 

Dy (chi text) 0.0450 0.0455 


Source: Computed from Col. (2) and (4), Census of India, Age Tables 1963. 
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Numerical Application 


Table 3 (page 141) presents the observed age distribution of 
males and females in India as on 1951. The mean, standard deviation 
and the percentages coefficient of variation of these are distributions 
are also given inthe table. Corresponding to the pair of value of 
mean age and the percentage coefficient of variation of the age 
distributions of female or male, a point was located either on figure 
lor 2. A set of values referring to four pairs of GRR and e3 
which enclosed the point on these figures was obtained and an 
enlarged figure was drawn on a separate graph paper. ‘This 
interpolation is performed ina manner indicated earlier and the 
results are summarised below. Our estimates of e° for females and 
males are compared with some other estimates for the year 1961. 


Various estimates of e§ according to sex. India, 1961. 


Sex Type of estimate 

Ours Census Actuary* Das Gupta** 
Female 44.26 37.40 45.2 
Male 43.80 38.73 49.0 


* Obtained by combining the observed inter-censual annual rate of 
population growth and the observed age distribution with reference 
to U. N. model life table, Census of India (1963). 


** P. Das Gupta (1971), obtained by combining the estimated annual 
rate of population growth in 1961 and the observed age distribution 
and the U. N. model life tables. 


It may be noted inthe above table that e? for females in 
India in 1961 turn to be higher’ than that for males. This 
phenomenon is not observed in either Das Gupta’s or census 
actuary’s estimates. The trend is worth nothing even though our 
estimates of e$ are not directly comparable to those obtained by Das 
Gupta or by Census actuary because of the difference between the 
input data (cf. footnote to above table). Our method yields the 
value of the rate of population growth asa by-product of the 
estimation process and thus it can provide an opportunity of testing 
the accuracy of census count. 


Once the levels of e8 have been obtained, Ix and Lx columns 
corresponding to the estimated level of e§ can be obtained by 
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interpolating the respective columns of U.N. model life tables as 
indicated earlier. The construction of life table, then, becomes an 
easy exercise. Also, other demographic characteristics in the 
population can be estimated by interpolating the ratee provided by 
Srivastava (1967). For example, for the 1961 age distribution 
given in Table 3, the annual intrinsic birth, growth and death 
rates per 1000 males were 39.84, 19.46 and 20.38 respectively. The 
corresponding rates for females were 40.91, 20.73 and 20.18. The 
GRR for female births per female was estimated as 2.78. The 
estimated stable age distributions that corresponded to the observed 
ones for males and females are also given in Table 3. The 
Observed and the estimated age distributions are compared with the 
help of D— the sum of positive differences between observed and 
estimated proportions of total populations in each five-year age 
group. The values of D for males and females obtained as 0.0450 
and 0.0455 respectively suggest that the fit was equally good for the 
two sexes separately. 


Three significant points brought out by this analysis may be 
noted. 


1. Ifthe age distribution as smoothed by the Census actuary is 
used instead of the unsmoothed age distribution the e{ is likely 
to be less, somewhere near 40. The smoothing procedure 
introduces some artificiality in the age distribution and besides 
the smoothed age distribution heavily depends upon the method 
of smoothing adopted. It is difficult to say whether such 
smoothed age distribution should be used in the absence of 
the knowledge about the real situation. 


2. The estimated level of ef for females is higher than that for 
males. This is contrary to several other findings of e° for 1961. 


3. The intrinsic rate of annual growth for females is higher than 
that for males. This is contrary to the observed pattern where 
the inter-censual and annual rates of growth per 1000 females 
and males were obtained as 19.26 and 19.80. The possibility of 
undercount of females in Indian Census cannot be ruled out 
completely. 
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As the primary aim of the paper is to providea methodology 
to estimate e§ by using only the census age distribution, the data 
and calculations presented here may be taken only as illustra- 
tions. However, further investigation is being carried out to 
locate the differences that have been brought out by the present 
analysis and the results will be presented in a subsequent paper. 
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Some Indices of 
Differential Mortality in India 


K. E. Vaidyanathan 


Introduction 


The study of differential mortality, namely the differences in 
mortality between various subgroups of a population has been of 
great concern to demographers and medical researchers seeking to 
improve the health and longevity of the population. Despite this 
concern, our understanding of the influence of socio-economic factors 
on mortality as against other characteristics like sex and age are 
rather limited especially for the developing countries. There are two 
factors that may have contributed to this gap in our knowledge, 
namely, a) the lack of adequate and reliable data, and  b) the 
inadequacy of conventional indices of differential mortality under the 
circumstances of lack of data prevalent in the developing countries. 
Studies in different parts of the world have shown as a general rule 
that these populations or classes of populations which are ina 
relatively favourable position from economic and social points of 
view tend to have lower mortality rates than more retarded groups?. 


In India the relative lack of investigations pertaining to the 
relationship between socio-economic status and mortality largely 
arises from the difficulty in obtaining the necessary data. The death 
certificate in India does carry information on the religion and caste 
and occupation of the deceased person. These characteristics are 
not in themselves adequate for determining the socio-economic 
status of the deceased person. It would help if information 
is elicited on the educational attainment and income and the type of 
house where the deceased person had been living, but this will call 
for a separate enquiry to obtain this information. 


Even granting that these particulars have been included in the 
death certificate, there is the additional problem arising on account 
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of the differential underregistration of persons belonging to various 
socio-economic groups. Although there have been no studies to 
show the nature of this differential one might suspect a direct 
relationship between socio-economic class and extent of completeness 
of registration. A second problem arises from the fact that the 
base population required for working out the specific death rates for 
each socio-economic group has to come from the census. In the 
first place, census is not taken on an annual basis unlike the death 
registration and secondly the two sources do not follow the same 
procedure in recording occupation. The task of matching the two 
records is well nigh impossible in a country like India where the same 
person has several aliases and his conception of age is as good as the 
enumerator’s ingenuity. 


Some Indices of Differential Mortality 


The limitations of the crude death rate are well known. It is 
affected by the age-sex structure of the population for which it is 
computed. This limitation is overcome by computing the Com- 
parative or Standardized Mortality Ratios?. These two ratios 
should be nearly equal except when the excess mortality in a popu-. 
lation subgroup is concentrated in the age groups where the numbers . 
in the subgroup predominate. Also the SMR is more affected by 
random fluctuation than the CMR. Another measure which is 
commonly used is the infant death rate defined as the ratio of the 
number of infant deaths in a given year to the number of live births 
to persons belonging to a given sub-group of population during the 
same period. The computation of these measures requires data on 
death rates and infant death rates by social classes of reasonable 
accuracy which is difficult to find in developing countries. The 
primary cause of the inadequacy of death data is believed to be 
registration errors, in particular, failure to report deaths and especi- 
ally omission of very young infants whose birth and death is aot 
remembered or placed correctly in time. 


It is therefore necessary to work out certain less sensitive, but 
more feasible measures of differential mortality for a country like 
India. The following measures are suggested in this paper. 
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Proportion of widows to total or evermarried females preferably by age 
groups and if this is not available at least for a terminal age group 
like 45 and over: 


The rationale of this index is obvious for a country like India 
where social customs and traditions keep widow remarriage toa 
minimum*®. Under these circumstances, the proportion widowed 
will be related to the joint probability of the woman as well as her 
husband surviving up to a given age, or mortality conditions of the 
husband and wife. If we can assume that, the difference between 
the ages of husband and wife do not differ between several population 
groups and the propensity toremarry is the same among them, the 
difference between different groups in the proportion widowed might 
reflect differential mortality. As pointed out earlier, this is indeed a 
very crude measure, and will be distorted to the extent these assump- 
tions are violated. One more factor, the duration of exposure to 
mortality (namely, the age of woman) will affect this index. This 
can be controlled by working out this index for specific age for 
comparison between different population groups. 


Proportion of children who do not survive to the children ever born by 
age of mother, and if this is not available at least for those women of 
completed fertility 45 and over: 


This proportion will be influenced by two factors—one is the 
probability of dying and the other is the duration of exposure to 
mortality. The level of fertility also may have an influence on this 
proportion but we may assume that the differences in the fertility 
levels between different population groups may not be large enough 
to affect this index. As in the case of the earlier index, the duration 
of exposure to mortality can be controlled by working out this index 
specific to the age of mother. The proportions thus obtained 


for the different population groups may be expressed as relative to 
the proportion for all categories to indicate differentials in mortality. 


Mean loss of children per married woman by age or at least for women 
of completed fertility : 


It may be noticed that this measure 1s obtained in the same way 
as the previous measure except that the denominator is the number 
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of women experiencing the loss of children instead of the number of 
children ever born. This index amounts to multiplying the previous 
index by the average number of children born per woman. This 
measure will provide an indication of differential mortality if there is 
no significant difference in the average number of children born 
among the different sub-groups of population. While there are 
differences between population sub-groups as regards the average 
number of children ever born, surveys in different parts of the 
country show that these differences are not large. 


Proportion of deaths at ages 50 and over to deaths at ages 5 and over: 


The advantage of this measure lies in the fact that both 
numerator and denominator comes from the same source, namely 
registration or sample survey. This index is similar to the Propor- 
tional Mortality Ratio®, except that inthe denominator deaths in 
the age group 5 and above is preferred to total deaths which include 
infant deaths and children upto 5 years old which are known to be 
deficient. This proportien is directly related to the expectancy of 
life at birth®. This proportion computed for different population 
groups may be expressed as relative tothe overall proportion to 
reflect differential mortality. Misstatement or ignorances of age 
would have little effect on the accuracy of this indicator in as much 
as it depends on a dichotomous age classification only (5—49 and 
50+). Also if deaths are underreported uniformly throughout the 
age span, the underreporting would have little effect on the reliability 
of this indicator. 


Proportion of all deaths due to infectious and parasitic diseases: 


It is well known that as the expectancy of life improves, the 
spectrum of mortality by causes undergoes a change from one in which 
there is a predominance of infectious and parasitic diseases to that of 
deficiency diseases. Therefore, one may expect the proportion of 
deaths due to infectious and parasitic diseases to reflect the current 
mortality situation approximately. The assumption is that the 
extent of underreporting of deaths due to infectious and parasitic 
diseases will be approximately of the same order to that of the deaths 
from all causes. This assumption mayor may not hold good, as 
experience in India shows that many deaths are reported as due to 
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fevers, or some such unspecified causes. The accuracy in the report- 
ing of causes of deaths may itself be related to the socio-economic 
status, education and occupation of the deceased and consequently 
the difference in this index between these population groups may not 
reflect the true nature of the differentials in mortality. Therefore, 
this index should be interpreted with caution in situations where the 
data are known to be in error. 


Some Evidences Concerning Differential Mortality in India 


We shall now examine some of the information available from 
recent surveys in different parts of India to give some indication of 
the picture of differential mortality in India. We shall consider 
geographic and rural-urban differentials and differentials according 
to religion and caste, occupation, education, socio-economic status 
etc. These have been chosen for consideration firstly, because 
experience from studies in developed countries seem to suggest the 
importance of these in contributing to differentials in mortality. 
Secondly, these are the factors for which the relevant information 
could be obtained. 


Geographical Variations : 


Within every country there are significant differentials in 
mortality between regions arising from differences in urbanism 
occupational structure and other social and economic factors. The 
data on geographical variations in mortality based on the National 
Sample Survey seventh and fourteenth rounds shown in Table | indi- 
cate that the central zone comprising of Uttar Pradesh and Madhya 
Pradesh have consistently higher death rate compared to the All- 
India death rate and the East and South zones have generally lower 
death rates. It should be pointed out that theserates based on the 
National Sample Survey are subject to sampling errors and differential 
efficiency of the survey in the different parts of the country. Also 
crude death rate is affected by differences in age-sex composition. 
The lack of accurate data to provide an indication of the mortality in 
different states and districts is one of the major gaps in Indian demo- 
graphic knowledge. 
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Rural-Urban Differentials : 


Past studies in different parts of the world do not show any 
consistency in urban-rural differentials in mortality. Mortality rates 
in Europe and the United States during the nineteenth century and 
early part of this century were reported to be higher in urban areas 
than in rural areas. At present the rural-urban differentials in 


Table 1 


GEOGRAPHICAL VARIATIONS IN MORTALITY IN INDIA BASED ON DIFFERENT 
ROUNDS OF NATIONAL SAMPLE SURVEY 


7th 14th 
round Index round Index IMR A Index IMR B Index 
rasta rural (per- rural (per- 14th (per- 14th (per- 
death cent- death cent- round cent- round cent- 
rate age-of = Tates)) Uagerof. mlOS8imt aero P1955o) aver aL 
1953-54 India) 1958-59 India) India) India) 
North 18.5 105.1 15.8 S312 111 89.8 143 89.9 
East Li6 100.0 16.0 84.2 107 85.6 118 74.2 
South het 66.5 14.0 1337, 105 84.0 142 89.3 
West 12.3 69.9 17.9 94.2 116 92.8 158 99.4 


Central eo 135-5 27.8 146.3 E35 122.4 197 [2398 
All India 17.6 100.0 19.0 100.0 125 100.0 iy. 100.0 


IMR A : Infant mortality rate based on an average exposure of 6 months 
IMR B : Conventional infant mortality rate 

North : Rajasthan, Punjab, Delhi, Himachal Pradesh, Jammu-Kashmir 
East : Bihar, Orissa, West Bengal, Assam, Manipur, Tripura 

South : Andhra Pradesh, Madras, Kerala 

West : Maharashtra, Gujarat, Mysore 

Central : Uttar Pradesh, Madhya Pradesh 

Source : National Sample Survey Seventh and Fourteenth rounds 


mortality appear to be small in the developed countries and in some 
cases no longer in favour of rural areas’. Evidence of rural-urban 
mortality differentials in India are provided by the Mysore Population 
Study and the National Sample Survey (see Table 2). 


The estimated crude death rate for Bangalore city, about 14 
per 1000 persons, is lower than the rates obtained for rural Zones II 
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and III, but about the same as that for Zone I. The lower death 
rate may be partly due to the greater underregistration of death in 
Bangalore City and also a more favourable age composition of the 
population due to migration. However, these differences are 
consistently found in two other measures namely, the percentage of 
widows among females and percentage of loss of children to children 
ever born. It may be noted that the proportions of widowed women 
is much higher in the rural than in the urban area reflecting a higher 
mortality in rural area than in urban area although the migration of 
widows may also be a factor. The proportion of loss of children 
follows a similar pattern, that for women 45 and over being one- 
third higher in rural area without anti-malarial operations than for 
Bangalore City. Recent rounds of the National Sample Survey also 
corroborate their findings®. This may be due to the fact that bulk 
of the hospital facilities and doctors are concentrated in our urban 
areas, and the urban areas also tend to have better drainage and 
protected water supply. 


Table 2 


SOME EVIDENCES OF DIFFERENTIAL MORTALITY BETWEEN CITY, 
TOWNS AND RURAL AREAS, MYSORE POPULATION STUDY, 1950-1951 


Zone II Towns Bangalore 
ZoneI (Rural Citv 
(Rural hills 
hills without Zone Ill 
with anti- (Rural 


malarial mala- Plains) 
opera- rial 
tion opera- 

tion) 


Crude death rate 153] 18.9 18.6 13.8 —23.9 13e% 


B: Percentage of widowed women to all women by age groups 
15—44 14.7 14.3 11.6 11.0 8.2 
45+ 72.4 75.4 65.3 67.1 62.0 
(3 Percentage loss of children ever born 
{5—24 Davi 26.0 25.0 203 20.4 
25—34 28.9 32:2 28.9 26.3 23.9 
35—44 34.7 Bias 31.4 29.8 Zoek 
454 43.9 463 380 302 34.2 
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Religion and Caste: 


Studies in different parts of India (see Table 3) seem to 
indicate mortality differentials between different caste and religious 
groups in the country. In general, Christians and Muslims seem to 
have lower mortality than Hindus and among the Hindus the upper 
caste groups have generally lower mortality than the lower castes- 
In the West, ethnic and racial differentials in mortality have been 
narrowing down in recent years presumably due to the more similar 
environmental conditions these groups experience. It is not clear 
whether such a narrowing down of mortality differentials among 
religious and caste groups is taking place in India. 


Occupation : 


Evidences of occupational differentials in mortality are avail- 
able from the Shadnagar Standard Fertility Survey?®. ‘Ehesé= are 
presented in Table 4. These figures indicate that owner and tenant 
cultivators and white collar workers have generally lower mortality 
and agricultural labourers and blue collar workers have higher 
mortality than the mortality for all classes. This finding is in general 
agreement with findings of such studies elsewhere which show an 
inverse relationship between occupational class and mortality!°. This 
may partly be accounted by the greater risks in occupations held by the 
lower classes and partly by the level of living associated with each. 


Educational level : 


The study carried out by D. N. Saxena provides some interest- 
ing evidences of education differentials in mortality (See Table 5) 
based on child survival indices worked out according to education of 
father and mother!!. The data seem to indicate an inverse relation- 
ship between mortality of children and educational attainment of 
parents. 


Socio-Economic status: 


A scheme for socio-economic status classification suitable to 
the Indian situation is yet to be worked out. In the absence of a 
standard procedure, scholars have resorted to different approaches 
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Table 3 


SOME INDICES OF DIFFERENTIAL MORTALITY BY RELIGION AND CASTE 
A. Based on Shadnagar Survey, 1966-681 


percentage of deceased children 


Religion and Infant Index 
caste (a) Resi tas (per to children ever born 
lity cent To Index To Index 
Rate of all women (per women (per 
cate- aged cent aged cent 
gories) 45-49 of all 15-44 of all 
cate- cate- 
gories) gories) 
Hindus Las 104.9 32.4 100.9 2da1 103.0 
Upper castes 119.0 111.1 28.2 87.9 18.0 68.4 
Middle castes 111.1 103.7 32:7 101.9 27.0 10277 
Lower castes 117.6 109.8 34.1 106.2 3207 124.3 
Muslims 69.8 65.2 30.2 94.1 19.1 Ta 
All Categories 107.1 100.0 32.1 100.0 26.3 100.0 
B. Based on Lucknow Survey, 1967-68? 
Religion and Infant Index Percen- Index Mean Index 
caste (b) Morta- (per tage of (percent num- (per 
lity Bene ee of all ber of cent 
Rate ofall. , O chil q. cate- decea- of all 
cate- ag ea gories) sed chil- _cate- 
gories) Raed dren per gories) 
mothers ie 
of age 45 a 
45 + 
Hindus 70.0 94.6 35.6 96.7 22 100.0 
Upper castes 59.0 a icha! 26.6 (PRS) tS 68.2 
Middle castes 69.0 93.2 51.8 140.8 351 140.9 
Lower castes 136.0 183.8 62:3 169.3 4.8 Zisee 
Muslims 94.0 127.0 40.1 109.0 2.4 109.1 
All categories 74.0 100.0 36.8 100.0 22. 100.0 
Source: 1 Computed from Shadnagar Standard Fertility Survey: Interim 


Report op cit 


Table 4.6, 6.2 (a) 


2 Computed from D. N. Saxena, Social Context of Fertility and 
Family Planning, chapter III. 
(a) Upper caste includes Brahmins; Vysyas, and Reddys; Middle 
caste includes all artisan castes and some backward castes; 

Lower castes include scheduled castes and tribes. 


(b) Upper castes include Brahmins, Thakur, Vaishya and Kayas- 
tha; Middle castes include all 29 artisan castes such as Teli 
Nai, Kahar etc., and Lower castes include all ex-untouchable 
castes and scheduled castes. 
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THE SHADNAGAR SURVEY, 


Infant 
Occupational Morta- 
category lity 

Rate 


Owner tenant 


cultivators 104.4 


Agricultural & 
casual labourers 101.1 


White collar 
workers* 100.0 
Blue collar 

workersy 149.8 
All Categories 107.1 


Professionals, 


Table 4 


SOME INDICES OF DIFFERENTIAL MORTALITY 


Index 
(Per cent 
of rate 
for all 
catego- 
ries) 


OTe 


94.4 


93.4 


139°9 
100.0 


1966—68 
Percent- 
age loss 
of child- Index 
ren to (Per cent 


children of all 
ever born catego- 
to women ries) 
15—14 


P| 84.0 
2U38 Liss 
PIE) 85.6 
histh 105.3 
26.3 100.0 


local government officials and businessmen 


7+ Caste occupations, toddy makers and others 


Source : 


Computed from Shadnagar 


Standard Fertility Survey: 


Report opcit Tables 4.7 and 6.3 (a) 
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Percent- 
age loss 
of child- 


ren to 


children 
ever born 
to women 


454 


30.6 


34.7 


Swed 


219 
32.0 


BY OCCUPATION BASED ON 


Index 
(per 


cent 
of all 
cate- 
gories) 
95.6 


108.4 © 


116.3 


Interim 


Table 5 


SOME INDICES OF DIFFERENTIAL MORTALITY OF CHILDREN BY 
EDUCATIONAL LEVELS OF PARENTS, LUCKNOW SURVEY, 1967—68 


Percent- Mean 
Level of Educational Infant Index ageof Index number Index 
attainment Morta- (per deceased (per of decea- (per 


lity cent child- cent sed child- cent 
Rate ofall renever ofall renper ofall 


cate- born to cate mother cate- 
gories) mothers gories) of age gories) 
of age 45 + 
45 + 
A. Educational Level of Father 
Illiterate and 
literate with- 
out schooling 121 155.02 2A8.7 142.4 3.2 160.0 
Below Primary 
and Primary 62 yh Di Sede 313 PR: 103.2 1.9 95.0 
Secondary and 
Higher 63 80.8 27.3 79.8 1.6 80.0 
All Categories 78 100.0 34.2 100.0 2.0 100.0 
B. Educational Level of mother 

Illiterate and literate 
without schooling 103 32.3.6 Fs AS See ae ae 136.8 
Below Primary and 
Primary 38 48.7 29.8 90.0 1.7 89.5 
Secondary andHigher 79 101.3 12.1 36.6 — 5.0 263:2 
All Categories 78 100. 0s) 23371 100.0 1.9 100.0 


Se an —— 


Source: Computed from D. N. Saxena op cit chapter ITI. 
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for measuring socio-economic status. 


The Mysore Population Study 


has made use of Type of Housing and Type of Lighting as a proxy 
for socio-economic status in urban areas (See Table 6) and economic 


Status of household in rural areas (See Table 7). 


Table 


6 


The implicit 


CRUDE DEATH RATES AND INFANT MORTALITY RATES BY TYPE OF HOUSE 


AND TYPE OF HOME LIGHTING AS PERCENTAGES OF RATES AND 


FOR BANGALORE CITY AND TOWNS 


Type of house 


and type of Bangalore 
lighting No. CDR 
in ase, 
Sam- of 
ple Rate 
for 
all 
classes 
All classes 24515 100 
Type of house 
Hut or mud 
house with 
the tiled roof 1.679 161 
Mud house with 
tiled roof or brick, 
stone or cement 
house 22836 96 
Type of lighting 
Crude lamp 6387 108 
Lamp or lantern 
with chimney 8054 109 
Ele. light 10074 88 


Source: United Nations, The Mysore Population Study, Population Study 


Grntsy 
IMR 
as % 
of 
Rate 
for 

all 
classes 


109 


A 


1 


No. 
in 
Sam- 
ple 


6202 


1077 


5125 


2499 


1662 
2041 


Towns 


CDR 
as % 
of 
Rate 
for 
all 


IMR 
as % 


Rate 
for 


classes classes 


100 


121 


95 


117 


68 
80 


100 


L735 


84 


No. 34. UN Dept of Economiic and Social Affairs, New York, 1961. 


page 81. 
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Table 7 


CRUDE DEATH RATES AND INFANT MORTALITY RATES BY ECONOMIC 
STATUS OF THE HOUSEHOLD AS PERCENTAGES OF RATES FOR THE 
RURAL ZONES 


Economic Status No. of DR IMR 
of the persons 25: 9/5201 as.% of 
household sample Rate for Rate for 
all all 
classes classes 
All classes 23314 100 100 
Working on land 
Labour or temporary tenant 3688 98 159 
Owner cultivator or permanent 
tenant with less land 3609 114 123 
Owner cultivator or permanent 
tenant with more land 9179 92 95 
Not working on Land 
Employee or unpaid family worker 2210 90 101 
Employer or Own account worker 2290 105 99 


Source: UN Mysore Population Study p. 81 


assumption in this scheme is that in urban areas mud houses and 
crude lamp lighting are associated with lower strata of society and 
tiled houses and electrical lighting are found in the middle and upper 
strata of society. In Bangalore City the infant mortality rate for 
population living in huts or mud houses with thatched roof, and for 
those without electric lighting was about 11 per cent higher than the 
rate for the whole city population, whereas among the population in 
homes with electric lighting the infant mortality rate was only three- 
fourth of the overall rate. In the rural areas the families of agricultural 
labourers and temporary tenants had the highest infant mortality rate, 
59 per cent above the rural rate per 1000 births; and the ‘‘owner 
cultivator’? group having more than 3 acres of land had the lowest 
rate which was 5 per cent below the infant mortality rate for the rural 
areas asa whole. The infant mortality rate was less in the non- 
agricultural than in the agricultural population in rural areas. 
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Some studies (See Table 8) have used income as the basis for 
sociO-economic status. Despite the differences in the classification 
adopted these studies seem to indicate an inverse relationship between 
income and mortality. It is likely that the poorer sections of the 
society do not receive adequate medical attention in contrast to the 
well-to-do sections and consequently the mortality is higher in the 
former class. Even where an inverse relationship exists between 
social class and mortality in a population, the relationship may 
differ for different causes of death. This is an area where studies are 
needed in India. 


Table 8 


SOME INDICES OF DIFFERENTIAL MORTALITY OF CHILDREN BY INCOME OF 
PATTERN, LUCKNOW SURVEY, 1967—68 


Deaths per 1000 | Average No. of 
Level of monthly Infant death Rate | Live births to children dead to 
income (in Rs) women aged 45 + | women aged 45 + 


Index Index Index 

No. per cent No. percent No. per cent 
atall — at all at all 

categories categories catego- 

ries 

Less than Rs. 136 203.0 370 1570 a es ta Af aT | 
Rs. 75—150 37 a6 29.9 S511 140.8 3.1 140.9 
Rs. 150—300 80 119.4 2609 =I A=1 U6 Sie 
Rs. 300+ 18.~- 26:9 201 A129 ay 03.0 
All categories 67 100.0 363 100.0 2.2 100.0 


Source: Computed from D. N. Saxena op cit chapter III. 
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Concluding Remarks 


This paper discusses the problems in the study of differential 
mortality in a developing country like India and suggests some 
alternative measures that could be followed and are being followed. 
Some of the illustrative data presented from surveys in different parts 
of the country seem to indicate a higher mortality among the Hindus 
than among the Christians and Muslims, an inverse relationship 
between mortality and socio-economic status, income, education 
and occupation. These studies are not adequate to throw light 
on whether such differentials are narrowing down or whether they 
vary from one areato another, or whether particular diseases or 
causes of death have any influence on these differentials. These call 
for carefully designed field studies in different parts of the country 
based on standard procedures of measurement and classification. 
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NOTES 


United Nations, Determinants and Consequences of Population Trends 
(ST/SOA/ser. A, Population Studies No. 17) pp. 61—64. 


The age distribution of the entire population is taken as the standard popu- 
lation and the actual age specific death rates for the given population sub- 
group (example social class, occupation etc..) is applied to it to arrive at the 
*“fexpected’’ death rate. The ratio of the ‘‘actual’’ to the ‘‘expected’’ death 
rate is the Comparative Mortality Ratio. Alternatively the age specific 
death rates for the entire population is applied to the sub-group population 
to arrive at an “‘expected’’ death rate. Theratio of the ‘‘actual’' to the 
expected death rate is the Standardized Mortality Ratio. These two 
methods correspond to the direct and indirect methods of standardization 
respectively. See B. Benjamin Health and Vital Statistics, George Allen and 
Unwin Ltd. London 1968 p. 126. 


The proportion of ever remarried to ever married women is only 7 per cent 
in Kumudini Dandekar’s Demographic Survey of Six Rural Communities 
(Gokhale Institute of Politics and Economics, Poona, 1959) and ranged 
between 2.8 per cent in Zone I to 4.5 percent in Zone II in the United 
Nations Mysore Population Study (United Nations Dept. of Economic and 
Social Affairs, New York 1961, ST/SOA/series A/34, page 106). 


The mean number of children born alive per ever married woman aged 45+ 
varied between 4.0 in status I to 5.1 in status III in rural areas and from 5.0 
in professional class to 5. 6 in upper white collar class to 5.0 in the lowever 
white collar class. See Mysore Population Study op. cit p. 125. 


Swaroop S. and Uemura, K. ”Proportional Mortality of 50 years and above’’ 
Bulletin of the World Health Organization, Vol. 17 No. 3, 1957, p. 456. 


Vaidyanathan K. E. “‘A Simple Method for estimation of death rate and 
expectancy of life from defective death registration statistics’? (Unpublished) 


United Nations, Dzterminants and consequences ... op cit p. 62. 


India, National Sample Survey No. 177 (19th round) Vital Rates in India 
July 1964—65 


Council for Social Development, Hyderabad, The Shadnagar Standard 
Fertility Survey: Interim Report 1971. 


Examples of such studies are the studies of the Registrar General in England 
and those of the Metropolitan Life Insurance Co. and National Tuber- 
culosis Association in the United States. See Logan W.P.D. ‘‘Social 
class Variations in Mortality’? Public Health Report 69: 1217—1223, Dec. 
1954; Dublin L. I. ‘‘Causes of Death by occupation” U. S. Bureau of Labour 
Statistics Bulletin No. 7 U.S. Govt. Printing Office Washington DC 1917. 


D. N. Saxena, Social Context of Fertility and Family Planning 1972 (in press) 
Chapter III. 
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On Ascertaining the Causes of Death in 
Rural India* 


V. K. Ramabhadran and Brijesh B. Lal 


Introduction 


It is well known that medical services in the rural areas of 
India are inadequate. Whatever statistics on causes of death are 
available have been collected under eight or nine causes and are 
published annually in the Vital Statistics of India by the Registrar 
General. A knowledge of the prevailing morbidity and mortality 
pattern is but absolutely necessary for the framing of public health 
programmes and for appraising their impact on the community. In 
India, as in many other developing countries, the quality of statistics 
of causes of death collected through the lay reporting system does 
not permit a proper delineation of public health programmes? 
because of the crude nature and poor quality of statistics. With a 
view, therefore, to facilitate the growth and expansion in the country 
of health and medical services and of the health registration system 
at large, the Registrar General, India launched the Model Registration 
Scheme. 


Some of the basic features in obtaining vital and health 
records through lay reporting are the following: 


1) The person assigned this job should be familier with the 
local community or should be a resident of that area; 


ii) Hehas to be provided with a convenient method of recording 
relevant events and the circumstances of death. For this some 


* This is an analysis based on the Model Registration Scheme undertaken 
by the Registrar General, India. 
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inducement may have to be offered to him to obtain regular 
reports; and 


ili) Being a layman he should be duly trained in the metho- 
dology of identifying the causes of death through a simple 
method of questioning the household of the deceased. 


The Model Registration Scheme 


The Scheme of Model Registration aims at ascertaining the 
causes of death by para-medical personnel stationed at selected 
primary (rural) health centres in the country. The data are collected 
through a field agent, usually s sanitary inspector, health visitor or 
other para-medical person, who obtains information about the 
occurrence of deaths from fixed locally resident informants and then 
contacts the household to obtain particulars in accordance with the 
procedure laid down for the non-medical list (““NM List’). The NM 
List does not attempt to assign specific causes but limits itself to 
indicating the broad symptoms and conditions of the diseases, It is 
a contrivance to obtain some numerical data, which combined with 
sex and age factors can enable the health administration to have a 
qualitative knowledge of locally prevailing diseases at different 
seasons and local habits and customs, and to form an idea of the 
health conditions and needs of the population concerned for initiating 
health programmes. It may not yield the incidence of specific 
diseases, but identify conditions which call for special attention by 
the local health authorities. The non-medical list is so drawn that 
with the information about the symptoms, conditions, anomical site 
and duration of disease, it should be possible to fix the probable 
cause of death. Further, at the end of each quarter or if that is not 
possible every half-year, a house-to-house visit is made and the 
findings are matched with the entries in the register maintained by 
the field agent to upcate the information. The Medical Officer-in- 
Charge of the primary health centre checks the causes of death in 
respect of 10 per cent of recorded deaths. This serves the purpose 
of assessing whether the investigation conducted by the field agent 
does or does not bring out the probable causes of death. The 
purpose of obtaining such data should not be construed to mean the 
replacement of proper medical certification of cause of death. 
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In essence, therefore, the Model Registration Scheme seeks to 
provide mortality statistics by surveying the cause of death through 
para-medical personnel at the primary health centre level so that after 
carefully viewing the pattern of diseases prevalent under the local 
conditions of the areas concerned, remedial and preventive measures 
could be taken. The Scheme could also be utilised to evaluate 
specific public health programmes or projects which might have been 
introduced in these selected areas. On the basis of the number of 
deaths reporied against various causes over a period of time, an idea 
can be had of the success of a programme for eradicating or for 
limiting a particular disease. 


The present reduction in mortality canto some extent be 
ascribed to specific programmes for control of diseases rather than 
for overall socio-economic. development. The decline of mortality 
in India after the Second World War has resulted mainly from India’s 
participation in the WHO Programmes for Control and Eradication 
of Malaria, Small-pox, Plague and Cholera through vector control | 
and mass immunisation. While various estimates of death rate in 
India have been made, it is clear from the figures (whatever be the 
correct level), that mortality has definitely been declining According 
to official estimates, the overall death rate in India during the 30 
years period of 1921—50 was 30.1 per 1000 and the average for 
the decade 1941—50 has been estimated officially at 27.4 per 
1000 population?. Coale and Hoover estimated the rate to be 
30.9 per 1,000 for the latter period?. The death rates for rural India 
estimated from the National Sample Survey data have also shown 
a decline from 24.0 in 1953—54 to 21.0 in 1955—56 and to 19.0 in 
1958—59+. The Census of India 1961 estimated the death rate as 
22.8 per 1000. According to the Scheme of Sample Registration 
of Births and Deaths, the death rate in rural India is estimated at 
168 per 1000 in 1968 and 19.1 in 1969. These estimates are 
only approximations and have been cited here to establish not the 
levels of mortality but the fact that in India the mortality rate has 
definitely declined. The control of infectious diseases has been found 
to have played a leading part in bringing about this decline. oy 
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About the Data 


As mentioned earlier, the data pertain to the selected rural 
areas covered in the various states in India under the Model 
Registration Scheme during the years 1966 through 1969. Until 1967 
besides the Headquarters village of the primary health centres, one 
or two adjacent villages were also covered. Since 1968, however, 
some of the states reported figures for the Headquarter villages only 
while others sent in data for the larger number of units. In 1969, 
all the states switched over to the Headquarter villages except Mysore 
which continued to report for the earlier 234 units as well. Rajas- 
than data had been included upto November 1969 only. The cover- 
age of area should, however, not weigh much in a survey of cause of 
death since the aim is not to produce the rates.- Nevertheless, the 
number of events has to be sufficiently large so that an analysis of 
the causes of death could be meaningful. A total of 16,400 deaths 
in 1966, 21, 472 in 1967, 19,160 in 1968 and 20,964 in 1969 have 
been reported. Data for 1966, 1967 and 1968 have already been 
published in greater details; that for 1969 are in the Press. Out of 
these total number of deaths, tables have been prepared to highlight 
mortality of infants and of mothers which play a decisive role in 
determining the overall mortality rate. | 


General Mortality Pattern 


Table 1 presents the distribution of deaths by major cause 
groups and also by age and sex for rural India for 1969. The table 
may be viewed from two angles—one as percentage of deaths within 
each age group by cause of death and secondly as percentage of 
deaths for each cause of death by age group. Considering the age 
groups first, it may be noted that the largest number of deaths 
amongst infants (O—1 years) have occurred on account of disease of 
infants. Cough and fevers have occurred for over 30 per cent of 
infant deaths. Children between ages |—4 and 5—14 have been 
reported to be more susceptible to fevers of various kinds as com- 
pared to diseases relating to cough. The pattern for age group 
15—34 is also more or less the same though the intensity of fevers 
and cough diseases was more or less equal. The figures for age 
groups 34—54 and 55 + however, show that again diseases relating 
to cough are more pronounced than fevers or swellings. 
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Looking at the total picture, it may be observed that around 
25 per cent of deaths have occurred due to diseases of cough, 
followed closely by the various kinds of fevers which accounted for 
over 20 per cent of the cases. By viewing the table for each cause 
through the various age groups, it would be observed that violence 
and injury has accounted for about 56 per cent of deaths for persons 
between 15—54 years of age, of which 34 per cent occurred to young 
adults in the age group 15—34. Most of the deaths due to puerperal 
causes (74.3) have occurred to women in the age group 15 to 34 
representing that the risk to life of mothers in these ages was three 
times greater than to mothers aged 35—54. More than 31 per cent 
of deaths due to diarrhoea were reported for children in the age 
group 1—4 and about 17 per cent in the age group O—I1. Diseases 
involving cough, as expected, were more pronounced in the older 
age groups where about 38 per cent of all deaths due to this cause 
occurred to persons aged 55 and over. Chart I shows a more or less 
stable picture of these percentages by causes except perhaps the per- 
centage of deaths due to extreme old age which shows a rising 
trend. 


Maternal Deaths: 


Table 2 and chart II show the percentage of maternal deaths due 
to puerperal causes during the four years 1966 to 1969. The number 
of deaths due to maternal causes has shown a slight decrease during 
these years. In terms of percentage to total deaths the figure has 
dropped from 1.5 in 1966 to 1.3 in 1968 and remained at that level 
in 1969. Amongst all the puerperal causes the more important 
causes have been Puerperal Sepsis, Post Partum Haemorrhage, 
Anaemia of Pregnancy and Eclampsia. The first place until 1968 
was taken by puerperal sepsis which accounted for more than 16 per 
cent of all maternal deaths. In 1969 however, it ranked third with 
13.0 per cent after Post Partum Haemorrhage (15.9 per cent). Two 
other trends in maternal deaths may also be noticed. Abortion asa 
cause of maternal death has shown a steady increase since 1967. 
The level has risen from 7.5 per cent in 1967 to 9.8 per cent in 1969. 
Part of this increase may be ascribed to the liberalisation of abortion 
laws. The number of fatal cases seems to have increased with the 
possible increase in the number of abortions. Similarly, Post Partum 
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Haemorrhage has shown a continuous rise from 11.4 per cent in 1967 
to 15.9 per cent in 1969. Throughout the period deaths due to 
Anaemia of Pregnancy have amounted to about 15 per cent. 
Eclampsia claimed much fewer deaths totalling upto 7.6 per cent in 
1969 as compared to 14.0 of 1966. Further, it may be noted that a 
considerable number of maternal deaths could not be classified into 
any of the categories mentioned in the table with the result that a 
sizeable number (21.4 per cent of maternal deaths) remained unclassi- 
fied in 1969. To some extent, this might reflect the difficulty of the 
field agent in eliciting proper response from the respondents. 


Infant Deaths: 


In Table 3 important causes of infant deaths have been shown. 
These include violence and injury, dysentery and diarrhoea, cough, 
swellings, fevers, diseases of infants and other clear symptoms 
besides the residual category. To begin with, it may be noted that 
there is a decrease in the percentage of infant deaths to total deaths 
over the years 1967 to 1969. In 1967, 24.1 per cent of all deaths 
occurred to infants. The figure declined to 21.3 per cent in 1969. 
The slight rise in percentage in 1967 over 1966 seems fortuitous in 
the context of continued expansion and spread of programmes for 
prenatal and post natal care of mothers and also for the control of 
infective and parasitic diseases through the use of antibiotics, The 
decline in the above proportion from 1967 to 1969 should indicate 
the suceess of the schemes for providing medical attendance to 
mothers and the new born. 


The most important causes of infant deaths in 1969 are 
broncho-pneumonia and pneumonia, (17.2 per cent of all infant 
deaths), diseases peculiar to infancy (13.6 per cent), prematurity 
(12.7 per cent) unclassifiable causes (10.6 per cent) and dysentery and 
diarrhoea (7 per cent). If the causes are grouped according to 
symptoms (not shown in Table 3), it would appear that diseases of 
infants (52 per cent) cough (19 per cent) and fevers (12 per cent) are 
the most important causes of infant deaths in rural India. The 
unclassifiable causes constitute one-tenth of total infant deaths, which 
indicates the difficulties in identifying causes of infant deaths in 
rural areas. 
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Looking at the absolute and relative trends (Table 3 and 
Chart III), it may be noticed that the number of infant deaths due 
to dysentery, broncho-pneumonia, typhoid and unclassifiable causes 
have declined, whereas the number of deaths due to diseases peculiar 
to infancy, prematurity, diptheria, tetanus, cynosis and measles have 
shown arise. Broncho-pneumonia accounts for 17.2 percent of 
infant deaths in 1969 as against 20.8 per cent in 1966, and still 
continues to be the leading cause of infant death. The relative 
increase in the number of infant deaths due to prematurity is indeed 
surprising in the context of the expansion of prenatal care that has 
taken place in the rural areas. Perhaps this may be due to an 
improvement in diagnosis rather than a real increase in the number 
of infant deaths due to this cause. Similarly, the increase in the 
number of deaths due to tetanus is also surprising as the introduction 
of triple vaccine a few years ago was expected to bring about a 
reduction in the number of infant deaths due to this cause. 
Infections of the new-born have continued to claim around 7 to 8 
per cent of infant lives indicating that there is scope for improving 
post-natal care and the nutritional level of infants in rural areas. 


Conclusion 


The Model Registration Scheme is a major effort of the 
Office of the Registrar Gneral to identify causes of death in rural 
areas through the para-medical staff of the primary health centers 
in selected areas of the country. The causes of deaths are determined 
from information about symptoms, conditions, anomical site and 
duration of disease. It appears that the scheme has helped in the 
more accurate identification of causes of deaths. Nevertheless there 
are still about 10 per cent of maternal and infant deaths and over 15 
per cent of all deaths whose cause of death is shown as unclassifiable. 
There is considerable scope for improvement of the scheme through 
better training of para-medical personnel, a greater elaboration of 
different causes of deaths and their symptoms, better supervision by 
medical personnel, and the appropriate incentives for efficient 
work. 


The data presented in the paper show that in the case of all 
deaths the causes identified as cough and fevers have occupied 
prominent places. There is considerable stability in the proportion 
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of deaths due to different causes over the period under review. 
Among the important causes of maternal mortality, puerperal sepsis, 
post-partum haemorrhage, anaemia of pregnancy and eclampsia are 
responsible for the highest number of deaths in that order. There is 
a decline in the proportion of maternal deaths due to puerperal sepsis 
and eclampsia, while there is a rise in the proportion of maternal 
deaths due to unclassifiable causes. The important causes of deaths 
of infants have been found to be cough diseases, the prominant 
being pneumonia and broncho-pneumonia. Other major causes of 
infant deaths are diseases peculiar to infancy, prematurity and un- 
classifiable causes. It is noticed that the proportion of infant deaths 
due to dysentery, broncho-pneumonia, typhoid and unclassifiable 
causes have declined, whereas those due to diseases peculiar to 
infancy, prematurity, diphtheria, tetanus, cynosis and measles have 
increased. This shows that although success has been achieved in 
reducing the mortality due to some of the controllable causes, there 
is considerable scope for improving the sanitation and nutritional 
levels of infants in rural areas in order to effect a reduction in 
mortality due to ‘hard core’ causes. 


NOTES 


1 Model Registration Survey of Cause of Death, Manual of Instructions, 
Part I, Organisation, Foreward, Office of the Registrar General, India. 


2 Census of India, “Estimation of Birth and Death Rates,’’ Paper No. 6, 
1954, 


3 A.J. Coale and E.M. Hoover, Population Growth and Economic Development 
in the Low-Income Countries (Princeton, N.J. 1956) pp. 29-54. 


4 National Sample Survey, Preliminary Estimates of Births and Death Rates 
and of the Rates of Growth of Population, 14th Round, July, 1958-July, 
1959, No. 36, Calcutta March, 1960 p. 9. 
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Analytical Mortality Studies 


Mortality and Longevity in India 
During 1901—1961 


Kumudini Dandekar 


In the census of 1971, the enumerated population fell short of 
population-size expected by the experts. The experts forming a 
committee for population projections in 1964, had forecast a popula- 
tion of 560 million while the actual population count in 1971 is 547 
million for India. The forecast was based on certain assumptions 
regarding birth and death rates and a decline in them. A _ smaller 
population than expected either suggests more decline in birth rate or 
less decline in death rate than the experts believed since population 
of India is a closed population. This, of course, is on the assumption 
of the same level of enumeration in the censuses of 1961 and 1971. 
Skepticism regarding India’s capacity to reduce its birth rate leads 
some quarters to be pessimistic; they believe in less-than-expected 
decline in death rate as the plausible explanation for the difference 
in the Census count and expected population. The present article 
sketches the implications of such an explanation after a review of 
the mortality conditions in India during the twentieth century. 


Assessment of mortality conditions in India is _ based 
exclusively on the population counted for various age years at the 
censuses. Thus for the country as a whole the number aged 40 years 
at a census are regarded as survivors of those aged 30 years at the 
previous census, conducted a decade ago. Such procedure determines 
the death rate for various age groups during a decade between the 
two censuses. Every census has a set of age-specific mortality rates 
given in a table called the census life-table. The total dependence 
on the census life-tables for mortality assessment in India is due to: 


(a) Vital registration in India is not dependable. 


(b) For any empirical observation regarding mortality, the size 
of the sample needed for a given level of precision in measurement 
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is large and costly because of variability in conditions with wide 
range of varying cultures and physical conditions. 


(c) There is faith in the near-completeness of enumeration at 
the census. This is due partly to the vastness of the whole census 
affair. 


(d) Assumption of the same level of under or overenumera- 
tion at the two consecutive censuses leaves the census life-table 
comparatively undisturbed. 


(ec) There is no other go. 


The census life-tables commanded faith more for the ingenuity 
they required for their construction rather than for their reliability. 
Though highly technical, the construction was based on nothing 
reliable. The completeness of enumeration was doubted. The un- 
certainty due to this was often alleviated by the assumption of the 
same level of underenumeration in the two consecutive censuses. 
The basis for this was more often the ignorance than any sound 
reasoning. The reported ages have rarely been worthy of reliance. 
Epidemics and famines upto 1921 always shattered the basis of any 
respectable guesses. The differential coverage from census, to census, 
if any, could rarely be assessed or corrected for. All these factors 
resulted in census life-tables with unknown precision. Their assessment 
needed a long-term as well as a short-term view. The short-term 
view was provided by the census actuary with his closeness to the 
census operations. Asa technician, he always assured himself of 
the consistency of the life-tables with other demographic observations. 
However a long-term view could hardly be had because of the 
stagnancy of mortality conditions at a level never observable in 
modern times for countries with reliable data. A time has perhaps 
come when a long-term review can be had with great advantage in 
construction of the life-table. More recently, i. e. since 1951, a 
critical appraisal of the census data from a variety of approaches 
paved the way for a long-term assessment of morality and longevity 
in India. 


The census life-tables have a hundred-year history in this 
country. The decades upto 1921 were intermittently in the grip of 
famines and epidemics which affected mortality levels and hence the 
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longevity of the Indians. In 1881 or 1891 it was about 25 years of life. 
But in the intervening decades it deteriorated by about 3 or more 
years. The longevity or expectation of life for a man or Woman 
born in India was as shown below for the various census years : 


Census year Male longevity Female longevity 
1881 2301 25.6 
1891 24.6 2505 
1901 23.6 24.0 
1911 22.6 2509 
*1921 19.4 20.9 
1931 26.9 26.6 
*1941 aaa 31.4 

1951 5 Fi id ae Be) bale 31-7 B45) 

1961 41.9 (44.2)** 40.6 (45.7)** 


* No census life-tables were constructed for these years. K. Davis constructed 
them in his book ‘Population of India and Pakistan.’ 


** The bracketed figures are estimates by Coale and Hoover. 


The mortality conditions for the various census years before 
1931 fluctuated erratically due to varying impact of the natural cala- 
mities on the two sexes and the various age-groups. The pictures 
of mortality conditions by the census actuaries constructing life-tables 
depended as stated before, on their impressions regarding the 
well-being of various age-groups in the preceding decade. This was 
because of the need to correct the age reporting in the censuses. 
Methods of correction changed from census to census. It is inten- 
ded to record below the peculiarities of the mortality pattern depicted 
by the Indian life-tables. 


Greater Longevity of Indian Females than Males before 1931 
But Not Later 


The greater longevity of females upto 1921 observed in the 
above table may be the effect of construction of the life-table on the 
basis of greater longevity of females observed in other parts of the 
world for all times and regions. This is not observed for the censuses 
in India from 1931 on. We may consider two possible hypotheses. 
One is that the Indian female did have an advantage over the male 


177 


before 1931. But the conditions deteriorated later in favour of 
males though they improved the longevity of both. Such a hypo- 
thesis upsets our impressions regarding the status of females 
vis-a-vis the males. 


The other hypothesis is that the earlier life-tables may have 
to be revised for the proper sex-differentials observed in later censuses 
on the basis of assumed differential underenumeration in the two 
sexes. In this revision one has to bear in mind that the sex-ratio 
for the various census years during the last 70 (or hundred) years 
shows deteriorating numbers of females compared to males. The 
trend is so consistent and regular that one believes in it. But its 
interaction with the two hypothesis stated above leaves one in a 
perplexing situation. An explanation can be looked for, into (a) 
differential underenumeration for the two sexes (b) different 
level of underenumeration from one census to the other. It may 
be possible to construct relative differences in levels of underenu- 
meration in the censuses on certain plausible assumptions such as: 


(a) The health conditions of women relative to men are at 
least not deteriorating in the successive years. 


(b) The levels of enumeration improve with better communi- 
cations. For the same mortality conditions, this will show better 
survival for the successive censuses, if communications have im- 
proved successively in the later censuses. 


(c) The relative levels of enumeration of males and fema- 
les have differed and these are mainly responsible for the sex 
differentials observed in the longevity in the census life-table. 


It is not proposed to apply the above criteria and come out 
with estimates of relative underenumeration in the censuses in the 
present article. The idea in mentioning the above possibilities is to 
bear in mind the factor of differential underenumeration, so impor- 
tant in the construction of life-table. When blocks of areas with 
their population are missed, this administrative inefficiency may 
affect the enumerations. But it is often for both the sexes. 
Differential enumeration in sexes 1s caused by different factors. The 
reasons behind such underenumeration are likely to be cultural. For 
instance, the desire to report or not, a male or female. These being 
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deeply embedded in the fabric of the society cannot be easily brought 
to the surface. Acritical appraisal of the kind stated above may 
help fathoming such factors. The difference in longevity of males 
and females is about +2 years in the earlier decades and — 1 year in 
the later decades. It may seem small. But the expectation is that 
the sign also must change. In the present situation one has to decide 
on two years’ difference in longevity of females for only 24 years’ of 
males. This involves the questionability of more than 8 per cent 
female life. One can clearly see the importance of thrashing out 
the problem. 


Gain in Longevity in the Successive Censuses 


There was no addition to longevity during the course of 
50 years since 1872. If at all, there seemed deterioration of morta- 
lity conditions with erratic impact of famines and epidemics. One 
peculiarity of the census life-tables upto 1921 was that the impact of 
good or bad times in those days affected most the mortality in the 
age group 10 to 29 years or so. This will have to be borne in mind 
especially when one discusses the mortality pattern and change in it 
in the later censuses. 


Compared to past better-year average longevities, there was 
an addition to them of about 3 years during the decade 1921-31. 
This was supposedly the first decade in the Indian region completely 
free of famines or epidemics in the present century. One took for 
granted this addition to longevity. But the addition of about 5 years 
during 1931-41 by the life-table (by K. Davis) for 1941* cannot be 
easily explained after a review of life-tablesin the successive decades. 
For instance, the performance in the decade 1941-51 seems un- 
expectedly dull when compared with 1931-41. This may be the 
result of judgements in constructing the life-tables for the two 
decades. One is therefore tempted to leave out either 1941 or 1951 
life-table as ‘not in line with’ other census life-tables. One may 
assume that about 6 years of life was added during 1931-51 and 
probably there is no disagreement on the point. 


* The 1941 census had no life-table. Hence K. Davis constructed it. It does 
not fit in properly with the life-tables constructed by the census actuaries. It isa 
typical example of how the construction of life-table is moulded by judgements. 


Dtg 


During 1951-1961, more than nine years’ longevity was added 
to human life in India. Besides the census estimate of the life-table, 
Other estimates such as those of Coale and Hoover were made not 
only for 1951 but for later years. Coale and Hoover estimates 
announced slightly higher longevities than those by the census for 
1951 as well as 1961. Besides, they insisted ona higher longevity 
for females than for males as observed in the rest of the world, 
implying an underenumeration of females in the Indian censuses 
relative to males. The discrepancies between the census life-tables 
and those by Coale and Hoover, (or any set of model life-tables such 
as those by the United Nations, or Coale and Demeny) can be discussed 
by analysing the mortality pattern in India for various age groups. 
The need for such an analysis arises due to the need for higher 
precision in mortality measurement stated in the next paragraph. 


From 1951 on, there is a special interest in the census life- 
tables. Besides the interest in the life-tables per se, the impact of 
death-decline on the population growth has to be distinguished from 
the impact of decline in birth rate. This enhances the desire to 
measure birth and death rates with precision. Unfortunately one 
has still to rely on census enumerations to get trustworthy figures 
for both. The error in one direction or the other throws 
people into pessimism or optimism and one has to wait for another 
decade and a census to revise one’s impressions with confidence. 
1971 census is a good example of this conflict in the pessimistic and 
optimistic attitudes and it puts to test the capabilities of modern 
demographers at precision of measurement. 


Lower Mortality in Infancy in India Than Elsewhere 


For any given level of longevity the death rate for the age 
group 0-4 years is smaller in Indian life-tables of all times upto 1961. 
A comparatively higher death rate for age 5-9 years does not make up 
for the higher mortality in age group 0-4 years observed in any other 
life-tables, such as those by Coale and Hoover, Coale and Demeny 
or the United Nations. The other peculiarity is the higher death 
rate in the Indian life-tables upto age 30 than elsewhere for the age 
period 10-29 years for the same longevity levels. If the Indian 
situation is to be relied upon, what possibly could be an explanation? 


One has to look into the cultural set up of India for an 
explanation. One possibility seems to be the long duration of 
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breast-feeding observed in India. With long duration of breast- 
feeding the Indian babies (male and female) are possibly less exposed 
to external hygiene and the hazards accompanying low levels of 
nutrition. Hence the age group 0-4 years may be more secure in 
India than elsewhere for the same level of longevity. On the other 
hand, the earlier half of adulthood of women may be more insecure 
in India for the same reason i.e. constant erosion of calcium through 
breast-feeding without any help from nutrition. As for adult males, 
their relatively higher death rate in earlier half of adulthood 
compared to that found elsewhere (for the same longevity) may be 
due to low levels of living and nutrition. 


In case the above explanation for the observed pattern of 
mortality is not acceptable, the other alternative is to revise the 
Indian life-tables to conform to the pattern observed elsewhere. The 
only part of the life-tables which is not based on actual observations 
is the earliest age group 0-4 years. Ifit wasto be brought in line 
with the death rates for later age years, the resulting Indian longevity 
will have to be revised and it will be reduced appreciably. This will 
upset the consistency of the life-tables with other demographic 
set-up of the census with its birth and death rates. The other 
possibility is to revise smoothing procedure for age group 10-29 years. 


Change in the Observed Pattern of Mortality During 1951-61 


A comparison of the three sets of life-tables (namely Indian 
Census life-tables, U.N. Model life-tables, Coale and Demeny life- 
tables) consistently brought out the peculiar features of Indian 
mortality discussed above. However, the census life-table for 1961 
seemed to alter the earlier pattern. The age-group-specific mortality 
rates for the census life-tables were of course lower as usual for age 
group 0-4. But they were lower for the census also for the age 
groups upto 30 after which they rose higher. It seemed that the 
pattern of death rates for the age group 10-29 for India in 1961 was 
the same as that indicated by Coale and Hoover. But this was for 
a higher longevity with Coale and Hoover. Thus it is worth while 
comparing the improvements in mortality till 1951 and 1961 to bring 
out the change in the pattern. This is done below. 


Indices of improvement in mortality in 1951 and 1961 were 
constructed with 1911 and 1931 as bases. The use of 1911 as base 
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was because the decade 1901—11 was comparatively free of famines 
and epidemics. The use of 1931 was suggested for the same reason 
besides its smooth age distribution based on different considerations. 
These are presented for males and females in the Tables A and B. 
The tables show that with 1911 as base year the mortality 
rate for age group 0-4 years of males was only 67 per cent 
in 1951 and 50 per cent in 1961. The improvement was thus 33 and 
50 per cent respectively upto 1951 and 1961. Onthe other hand 
for age group 5—19, the improvement was less than 20 per cent in 
1951 but 66 per cent in 1961 as compared to 1911. Similar trend is 
observable for ages upto 39 for males and upto 29 for females. 


Table A 
MORTALITY INDEX, 1911-1961, INDIA 


Age Males Females 
Group 1911 1921 1931 1941 1951 1961 1911 1921 1931 1941 1951 1961 


Oeee 100 E1D9h 89-1979)" O77). 350 100, 102:7386y B72 cir tat foe 
Pere LOD 1) 96.316/2) 04. 281% £34 b00 83 7460 2.50.9 82% 5 48 
feel, 100) «150. 734 -15* 83* 34 1007 3158") 8G 035 710 mama 
Pome me LOS 121 Os 00-5) 02, 4653 LOO 1325 LO saints lee S Ooemees 
poeso 100 iS 88°" *62 “04 47 LOO] 1.19 09 soe i roe 
aera 9s “100 S105. 294 7259's vb 2066 POO M12 1 106 EF / Ge 0 sees 
Bieetoo @ 100° 101%. 97 = 72). 88" 80 100 104 100 77 83 80 
60,= 69> © 100. 998°: 97u 25 VOR. 188 100%; O24 ) 93% a1 age vas 
70 + 100 100 100 100 100 100 100 100 100 100 100 100 


* Doubtful pattern of improvement in mortality. 


Table B 
MORTALITY INDEX, 1931-1961, INDIA 

Age Males ' Females 

Group 1931 1941 1951 1961 1931 1941 1951 1961 
O= 4 100 89 15 56 100 90 86 66 
5-—- 9 100 81 121* 50 100 82 L5s* 69 
10-19 100 107* 114* 46 100 109* 81 42 
20 — 29 100 83 80 43 100 76 56 36 
30 — 39 ~=100 7h J3 54 100 70 74 65 
40 — 49 100 67 WD 70 100 70 74 70 
50 — 59 100 fx 90 82 100 77 83 80 
60 — 69 100 ai 104 90 100 80 99 87 
70 + 100 100 100 100 100 100 100 100 


* Doubtful pattern of improvement in mortality. 
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With 1931 as base year one observes similar pattern of 
improvement in 1961 and 1951 as observed above except for the age 
group 5-19 for males and 5-9 for females in 1951 when the conditions 
seemed to deteriorate. The similarity means an exceptional improve- 
ment inthe age period 10-39 or so in 1961. An explanation for the 
deterioration of conditions for certain age groups observed in 1951 
has to be sought in the smoothing procedures or underenumerations. 
Correcting them in one direction or the other may have far-reaching 
effects. However, while using 1931 as the base, 1941 pattern of 
improvement does not seem inconsistent and one wonders whether 
one should accept 1941 or 1951 pattern. 


The effect of the above was that with a specific gain in over- 
all longevity, the addition in longevity due to improvement in 
mortality of age group 0-4 though higher than in any other age 
group of similar size, was much smaller compared to additions 
observed elsewhere. For instance with 15 years added to Indian 
longevity during 1931-61, only 5 were added by improvement before 
age 5 and the rest spread over the whole age span. Could it be 
possible that the relative improvements in mortality in age group 0-4 
were also put away because of its being protected with breast- 
feeding? 


The implications of the pattern of improvement in mortality 
may be interpreted as under. 


The Indian pattern of mortality from 1921-1951 perhaps 
reflects what improvement could occur in a poor, tropical, big 
country by cessation of epidemics with certain cheap preventive 
measures and perhaps a little improvement in hygiene. It also reflects 
the cessation of famines with improved communication facilities. 
But the mortality improvement in 1951-61 reflects the reactions of the 
country to modern medical facilities at low levels of living including 
the preventive measures such as the use of DDT. BCG, or the use of 
curative drugs suchas sulphadrugs, etc. The living conditions in India 
may not have appreciably changed to effect improvement in the ever- 
handicapped early working age upto 30 years. But the control of mala- 
ria and similar disabling diseases perhaps helped these ages. To have 
further improvement above age 30, perhaps a change in the 
living conditions is necessary. Further, the breast-feeding may 
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protect babies in their infancy at very low levels of longevity. But 
the same may keep away improvments in it at slightly higher longe- 
vities. 


The experience of no country in the world seems closer to 
India than that of Ceylon and still Ceylon had more than 62 
years of longevity in 1963. However, it had about 47 years’ 
longevity in 1947. Though the living conditions are different 
in the two countries, the cultural set-up is very much the same. 
For various reasons the reliability of vital data for that country 
is likely to be high. The pattern of improvement in mortality in 
Ceylon during 1901-1947 can be compared to India during 
1911-1941, though India had a smaller longevity. There are two 
possibile patterns of improvement in Indian mortality which may 
go with Ceylonese pattern of 1945-47. One is the 1941 pattern and 
the other 1951 pattern. One does not know which pattern to 
choose for India. In any case, both the Indian patterns need a 
correction and a bigger correction is needed for 1951 than for 1941. 
But with correction of the pattern, one may have a rough estimate 
of underenumeration at either of the two Indian censuses. 


habies © 


MORTALITY INDEX FOR CEYLON, 1900-02, —1952 


Males Females 


Age 1900-02 1945-47 1952 1900-02 1945-47 1952 
Gece s — 30,99 "es=—47.21° 6€5:—5/.6 653 4045 6s—45:00 ares eee 


0— 4 100 74 54 100 eT 55 


Seek 100 ay at 100 46 30 
10-19 100 43 17 100 50 25 
20-29 100 62 19 100 47 ra | 
30-39 100 af! 18 100 58 26 
40-49 100 67 23 100 ie 24 
50-59 100 78 32 100 90 31 
60-69 100 91 47 100 90 43 
70+ 100 100 101 100 100 100 


es = Longevity 
Source: The Demography of Ceylon by N. K. Sarkar (1957). 


The figures from the book were adjusted for comparability with 
Indian indices which were based on probabilities of death. 
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Analysing the pattern of mortality in India during 1901-1961, 
one can look at the 1971 census with a ‘prepared’ eye. The level 
of improvement in Ceylon of about 1950, is what the experts have 
assumed for 1971 India in their projections (in 1964). The longe- 
vity in 1951 census, if in doubt, was likely to be higher than 
observed by 1941 standards. In that case the gain observed in 
1951-61 is not much and there is much rcom for improvement in 
1961-71, even with the prevalent low levels of living in the coun- 
try. The increase in medical facilities, the increased coverage in 
malaria control is expected to bring the backward states in line 
with the others and the impact of such measures is estimated to 
be effective in 1961-71 as much as in 1951-61. If not, the health 
status in the various states is going to be divergent. This would 
be a blot on the avowed policy by Indian planners of even dis- 
tribution of the basic and elementary fruits of planning. 


One therefore eagerly awaits the 1971 census life-tables. 
It is hoped. they are not biassed by preconceptions regarding less 
or more longevity (than that estimated by experts committee) added 
to Indian life during 1961-71. 


Summary 


A long term view of the Indian census life-tables during 
1901-1961 indicates: 


(a) Deteriorating health status of the females vis-a-vis the males. 


(b) Mortality for age group 0-4 is less than what is observable 
elsewhere for the same longevity. 


(c) Mortality of age groug 0-4 is also relatively less subject to 
improvement. 


(d) Impact of good or bad times in India was seen on the age 
group 10-29 years. 


(e) The pattern of improvement during 1951-61 shakes the earlier 
pattern of mortality to conform slightly with what one sees 
elsewhere in the age group 10-29. 


One can either accept the above or revise the life-tables on 
certain plausible hypotheses. 
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Infant Mortality in an Urban Setting : 
The Case of Greater Bombay 


Ladislay T. Ruzicka and Tara Kanitkar 


The study of infant mortality has a long history and the major 
determinants are well known '. The present article does not aim 


to discover new factors influencing infant mortality but rather to 
find out which are the most important ones in the case of a popu- 
lation of large Indian city. It has been repeatedly pointed out 
that reduction of infant and child mortality is one of the necessary 
pre-conditions for acceptance of the idea of a small family, parti- 
cularly in societies which from many reasons continue to attach 
major importance to male offsprings and their survival to parents’ 
old age. Studies conducted in different parts of the world con- 
firmed that the average number of surviving children is higher 
among the families who accepted contraception than among the 
general populations ?. Practice of birth control is generally 
lower among women who experienced death of previously born 
children ®. On the other hand, close interrelationship between 
fertility and infant and childhood mortality, well established 
in the history of countries with presently low mortality levels 
and in developing countries at present time, indicate that large 
families with many children are the major obstacle for effective 
improvement of child’s health, prevention of disease and reduction 
of risk of premature death. 


To compute infant mortality rates registration of live births 
and of deaths before the first birthday is essential. In this respect 
Indian data are — as is the case in many other developing coun- 
tries — both incomplete and inaccurate. A few large cities with 
well organized health services and administration are probably 
the only exception. Even here, however, disturbing factors 
are operating: due to inaccuracy in application of the 
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international definitions of live-birth, stillbirth and infant death 
Omissions and misreportings are probably more frequent than in 
the developed countries, particularly in cases of deliveries taking 
place outside hospitals and maternity homes, not attended by 
medical doctor or trained nurse or midwife. Such deliveries, 
very frequent in rural India, constitute about 40 percent of 
total deliveries in Indian larger towns (Table 1) but are relatively 
rare in Greater Bombay. During the later 1960’s almost 90 per 
cent of total reported births were hospitalized and it may be 
therefore expected that the reliability of the records is better 
here than elsewhere in India. 


Table 1 


BIRTHS ACCORDING TO PLACE OF DELIVERY AND ASSISTANCE 
AT DELIVERY (NSS, ROUND xvi, 1963-1964) 


Place of Assistance at delivery (per 100 deliveries) 
delivery doctor nurse mid-wife untrained rela- none 


trained ‘dai’ ‘dai’ tives 


Towns with 50 thousand 


inhabitants and more 2T-f-- 204A 16.9 O73 Be 
Towns with less than 
50 thousand inhabitants | 9.8 9.5 13.0 45.0 20S sere 


Rural areas 4.7 1.8 6 igi 522, 33.6 4.0- 


Annual Records and Reports maintained by the Public 
Health Department of Greater Bombay give yearly data on 
registered livebirths and infant deaths, subdividing the latter 
into ‘born in Greater Bombay’ and ‘born out of Greater 
Bombay’. Infant mortality rates for the years 1960—1968 both 
adjusted ones for ‘out-born’ and unadjusted show a relatively 
wide fluctuation without any well marked significant tendency 
towards improvement (Table 2). With respect to age, however, 
a very significant improvement of mortality rates during later 
part of infancy (6—11 months) is traceable, whereas neonatal 
rates (0—27 days) only fluctuated around approximately 45 deaths 
per 1000 live births throughout the reviewed period. Mortality 
during the earlier months of the post-neonatal period (4 weeks to 
5 months) seems to take a more favourable turn recently. 
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Table. 2 


STILLBIRTH RATIOS AND INFANT MORTALITY RATES 
BY AGE OF INFANTS, GREATER BOMBAY 1960-1968 


Stillbirth Infant 4 weeks- 6 months- 

year Ratio Mortality 0-6 days 0-27 days 5 months 11 months 
/ per 1000 live births 

1960 36.7 Oasis} 29.6 44.3 26.0 24.9 
1961 36.7 95.8 (89.4) 29.9 43.7 as 24.8 
1962 33.6 84.0 (78.4) 28.0 42.6 PPS) 18.6 
1963 33.8 81.0 (77.2) 28.1 43.9 21.0 16.1 
1964 35.6 85.6 (79.8) 29.8 45.6 23.2. 16.8 
1965 37.8 96.2 (84.0) 30.9 47.2 Dedsid aA 
1966 37:2 85.5 (78.6) 345 47.7 21.6 1622 
1967 35.6 QD tO .d,) 30.0 47.0 25.4 19.8 
1968 34.7 80.3 (72.7) 29°75 44.8 20.8 14.7 


Greater Bombay is administratively subdivided into three 
areas: City, Suburbs and Extended Suburbs—widely unlike in 
respect of social, demographic and economic characteristics. The 
density of population is extremely high in the over crowded City 
and relatively low in the Extended Suburbs which rather recently 
started to become both a housing centre and industrial area. During 
the intercensual period 1951-1961 the average annual rates of growth 
for City, Suburbs and Extended Suburbs were 1.7, 6.8 and 7.6 res- 
pectively ¢. Differentials between the areas in demographic characteris- 
tics are seen from Table 3. Sex ratio according to 1961 census was 
highest in the City (1507 males per 1000 females) and decreased in 
Suburbs (1358) and Extended Suburbs (1300). Literacy is higher in 
Bombay than in the Maharashtra State as well as India, and again 
higher in City than in Suburbs (Table 3-A). Overall work participa- 
tion rates for males are somewhat higher in the City (63.1) than in 
the Suburbs (58.6). The industrial composition of workers reveals 
only slight difference between the City and Suburbs, particularly in 
the dominance of the tertiary sector in the City (Table 3-B). 
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GREATER BOMBAY: 


Index 


Area (km2 ) 


Population (estimate 1.7.1968) 
in thousand 


Density per km2 
Number of live births 


Birth Rate (per 1000 
population) 


Number of deaths 
Death Rate (per 1000 
population) 


Number of Infant Deaths 


Infant Mortality Rate 
(per 1000 live births) 


Stillbirths 


Stillbirth Rate 
(per 1000 live births) 


Maternal Mortality Rate 
(per 1000 total births) 


Table 3 


BASIC DEMOGRAPHIC DATA (1968) 


Bombay 


City 


67.78 


3,584 
43083 
81880 


22h) 
30697 


8.6 
7063 


86.3 
2873 


B3:1 


0.9 


Table 


Suburbs 


175.08 


1,340 
6900 
55489 


41.4 
15616 


Bias 
4425 


ead 
2053 


37.0 


0.8 


3-A 


Extended 
Suburbs 


194.00 


444 
2090 
19511 


43.9 
4126 


Greater 
Bombay 


436.86 


5,368 
10387 
156880 


PAL EAS» 
50439 


9.4 
12602 


80.3 
5446 


34.7 


0.8 


LITERACY RATES 1961 (IN PER CENT OF TOTAL POPULATION) 


State Males Females 
India 34.4 
Maharashtra 42.0 
Greater Bombay 65.1 


Source: Times of India Directory, 1969, pp. 46-48 
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Table 3-B 


PERCENTAGE DISTRIBUTION OF WORKING POPULATION IN 
BOMBAY CITY AND SUBURBS (1961) BY ECONOMIC SECTORS 


Sector Males Females 
City Suburbs City Suburbs 
Primary 0.3 4.8 1.6 7.9 
Secondary 43.5 47.6 30.7 30.6 


Tertiary ol ep 47.6 67.7 61.5 


Computed from B-II workers and non-workers classified by sex and 
broad age groups. Census of India, 1961, Vol. X Maharashtra, 
Greater Bombay Census Tables, pp. 176-179. 


Housing conditions are somewhat better in the suburbian areas 
than in the City. Average number of persons per household was, 
according to 1961 census, 5.6 in City and 4.7 in suburbian areas, 
average number of persons per room4.1 and 3.3 respectively. How- 
ever, it has to be pointed out that 72.9 per cent of households in the 
City lived in one-room with average number of persons per house- 
hold 5.4. Conditions were somewhat better in suburbian areas where 
corresponding rates were 71.3 and 4.3%. According to an expert 
committee on low-cost housing set up by GOI the shortage of ‘pucca’ 
residential buildings in Greater Bombay in 1970 was estimated to be of 
the order of 568 thousand ®. According to a survey carried out 
in 1969 by Bombay Municipal Corporation over 108 thousand 
huts accommodated about 632 thousand persons, giving an aver- 
age of 6.3 persons per hut. Only 1333 W. C.s and 432 water 
taps were available for the inhabitants of the hutment colonies ’. 
Probably 15 per cent of total Bombay population consisted of hut- 
men, slum dwellers or houseless persons. There is no evidence 
available to show the distribution of this group between the City and 
suburbian areas °. 


Overcrowding, insanitary housing and environmental condi- 
tions, are well known factors contributing to spread of diseases, 
particularly infections. In this respect differential infant mortality 
rates (Table 4) seem to reflect the impact of the conditions mentioned 
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in the previous paragraph. Differences in IMRs between the three 
areas may not be fully genuine, partly originating from variations in 
the completeness of registration of births and infant deaths. This 
seems to us to be documented in the data for suburbs which have a 
trend almost contrary to IMRs for the City. However, assuming 
that over time the quality of registration improved rather than 
deteriorated, mortality differences towards the end of 1960’s may 
reflect the true position of the three areas. Indirect evidence in 
support of this conclusion can be drawn from the incidence of notifia- 
ble infective diseases. In the City and Suburbs the annual incidence 
rates were almost equal in 1968 (141.5 and 144.0 per 100,000 popula- 
tion respectively). In the Extended Suburbs, however, the incidence 
rate was only 97.7 per 100,000 population *. Tuberculosis and 


Hepatitis had significantly higher incidence rates in the City and 
Suburbs as well. 


Table 4 


STILLBIRTH RATIOS AND INFANT MORTALITY RATES IN GREATER 
BOMBAY 1960-1968 


Stillbirth Ratio | Infant Mortality 

Year per 1000 live Births 

Bombay Suburbs Ext. Bombay Suburbs Ext. 

City Suburbs City Suburbs 

1960 41.7 ead eed DOs 109.1 10:2 60.5 
1961 41.4 27.8 30.1 Liss 68.0 J5uL 
1962 37.9 aye) 25.0 95.8 67.3 Bigs 
1963 36.3 30.1 29.2 87.0 74.6 62.6 
1965 39.7 37.6 206 106.7 92.9 48.9 
1966 38.5 313 30.3 89.7 87.3 56.9 
1967 35.8 STA 29.0 98.4 91.5 60.9 


1968 Spa 37.0 20.1 86.3 Lory =i ba 


Date for 1964 are not available by parts of town. 


Infant mortality rates have a distinctive seasonal variation. 
In Greater Bombay the peak of mortality falls into the monsoon 
period (Table 5). Contrary to experience of low-infant mortality 
countries, the early neonatal and neonatal mortality rates (O—6 days 
and 0—27 days ) have a marked seasonal variation as well. From 
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July through September the mortality rates exceed the average by 
10 to 23 per cent with a well marked peak in August. Post-neonatal 
mortality rates (28—365 days) have a much larger period of increased 
levels, extending from April through August with a peak in July, 
excess mortality ranging from 7 to 29 per cent of annual average. 


Table 5 


SEASONAL MOVEMENT OF INFANT MORTALITY BY AGE OF INFANTS 
GREATER BOMBAY 1963-1967 


Infants deceased at the age of 
Months 0-6 days | 0-27 days | 28-365 days | 0-365 days 


Seasonal Index (monthly average)= 100.0 


January 106.3 93.6 86.3 hel 


February O782 97.1 84.1 87.7 
March 91.7 92.9 98.2 87.6 
April 94.5 97.9 114.1 99.4 
May 102.3 101.0 109.5 99.0 
June 96.9 97.5 107.1 98.2 
July 110.7 116.0 129.1 ire 
August 123.2 122.6 114.6 110.2 
September Mi. 117.0 ies) 117.7 
October 98.2 96.6 85.0 103.0 
November 87.4 88.8 oF heed 90.8 
December 74.5 78.9 0523 98.8 


From available data it is not possible to find out the extent 
which particular diseases contributed to the increased mortality 
of intants during the monsoon period. It may be, however, presum- 
ed that respiratory diseases (pneumonia) and diseases of digestive 
system (diarrhoea, enteritis, dysentery) are more frequently a cause 
of death during that period of year *®. Annual report of the 
Health Department of the Municipal Corporation of Greater 
Bombay gives a broad classification of the causes of infant deaths on 
the basis of which we can at least establish three categories : 
infections (smallpox, measles, diarrhoea, enterities, dysentery diseas- 
es of respiratory system, convulsions, poliomyelitis); congenital 
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malformations (which also include diseases of early infancy) 1’; 
others. With all the limitations of such a broad classification, data 
for two ‘normal’ years 1966 and 1968, and for two years of increased 
infant mortality, 1965 and 1967, can be compared (Table 6-A). 


Table 6-A 


STRUCTURE OF THE CAUSES OF INFANT DEATHS IN GREATER BOMBAY 
Out of 100 deaths were due to 


Congenital Malfor- 
mations and Diseases 


Age of Infants Infections of Early Infancy Others 
1966- 1965- 1966- 1965- 1966- 1965- 
1968 1967 1968 1967 1968 1967 
0-6 days 10.0 8.8 69.3 dat 20M 14.1 
7-27 days 330 36.4 48.3 47.5 18.2 16.1 
28 days—5 months 62.7 69.2 20.6 172 16.7 13.6 


6 months-11 months 68.8 13a7 8.8 7.6 22.4 18.7 


Neonatal deaths accounted for almost 56 per cent of total 
infant deaths during the two ‘normal’ years and for 51 per cent dur- 
ing the two years of increased mortality. Out of 100 early neonatal 
deaths 9—10 were due to infections and 69—77 to congenital malfor- 
mations and diseases of early infancy. The structure of causes of 
deaths changes rapidly with infant’s age. In the later part of the 
neonatal period infections were responsible for approximately one- 
third of deaths and, in the post neonatal periods, two-third of total 
deaths were recorded as due to infective diseases. Charecteristically 
enough, the proportion of deaths caused by infections is high even in 
the neonatal period of life, a phenomenon which coincides with the 
housing, Sanitary and other environmental conditions described in 
the preceding paragraphs and at the same time explains the existence 
of such a well marked seasonal variation in neonatal mortality!?. 


Infant mortality rates by leading infective causes of death 
during 1962-1968 demonstrate the susceptibility of the population 
to attacks of epidemics. The years 1965-1967 show an outbreak of 


193 


smallpox and measles epidemics among infants, but also increased 
mortality from respiratory diseases (Table 6-B). No data are 
available to show the interrelationship between malnutrition, 
undernutrition and infant mortality. However, a study conducted 
by IIPS in Greater Bombay in 1965 on pattern of feeding of 
infants '® gives some important indications about the nutritional 
Situation. According to the findings nearly 50 per cent of the 
mothers started weaning by the time the child was three months 
old and 75 per cent by the time the child was six months old. Nearly 
83 per cent of the mothers have given as the main reason for 
weaning that they had insufficient milk. On the other hand nearly 
26 per cent of mothers continued to nurse their child beyond one 
year of age (with supplementary food). Generally an early introduc- 
tion of supplementary, protein-rich diet in child’s nutrition is 
recommended. The implementation, however, depends on the 
availability of such food, awareness of the mother and willingness 
to change the traditional methods of nursing and feeding—in other 
words on the education of the public and mothers in particular. 
The Protein Foods Association of India conducts campaigns in urban 
areas where the protein-rich foods are comparatively easier to obtain 
in the market. A study conducted by this organisation in Gujarat and 
Maharashtra on the caloric and protein intake by pre-school children 
(six months to five years old) estimated the need of 1318 calories 
and protein requirement as 23.4 grammes per child per day. The 
actual intake was found to be 709 and 552 calories, protein intake 
was estimated at 12.8 and 10.7 grammes in Gujarat and Maharashtra 
respectively. The report also mentioned that the deficiency was 
not completely wiped out in the families with higher household 
incomes!#. 


Table 6-B - 
INFANT MORTALITY, GREATER BOMBAY 1962-1968 
SELECTED CAUSES OF DEATH 


Cause of Death Death Rates per 100,000 live born in the year 
1962 1963 1964 1965 1966 1967 1968 

Smallpox ia; FS 1SOie | A0:28P 160.4 2210 tr 1368 ee 

Measles O05 15'S SATS. ~ 187.55 3.96 tom RO dea 

Diarrhoea, Enteritis 

Dysentery 854.9 853.4 883.9 1145.8 1119.0 1069.6 1029.4 


Diseases of 
respiratory system 1913.4 1623.3 1828.2 2907.2 2132.6 2725.9 2001.5 
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As an indirect indicator of impact of malnutrition on infant 
mortality the incidence of diarrhoea may be used. Incidence rates 
of morbidity are not available, however, the death rates in Table 
6-B indicate that at least 10 per cent of total infant mortality 
is due or associated with malnutrition, and, most probably, with 
elementary food hygiene as well. Many of these deaths are 
preventable—mayjor obstacle probably being not lack of supplemen- 
tary food but neglect, ignorance of mothers of the elementary 
principles of child feeding and of prevention of gross faecal 
contamination. Incidence of measles and smallpox indicates that 
even in a city with relatively very good health facilities and maternal 
and child welfare services easily accessible and entirely free of charge 
immunization programmes have not reached all exposed to risk. 


Greater Bombay statistics of infant deaths give no details 
which would enable a study of differential mortality with respect to 
social, economic and cultural characteristics of the families or to age 
and parity characteristics of the mothers 15. Data of this type have 
to be collected by special sample surveys. One of the possible sources 
of such information may be sought in the surveys primarily oriented 
to study the fertility levels. History of previous pregnancies is 
recorded as a routine and frequently the survival of live-born children 
is followed up with age at death recorded for those who died in the 
past. If proper attention is given to such surveys and the reference 
period is restricted to a few years preceding the interview, the extent 
of ‘recall lapse’ and other deficiencies may be reduced substantively. 
The major disadvantage of this particular source of information from 
the point of view of infant mortality analysis is the limited scope of 
data restricting the possibility of cross-tabulations with respect to 
several influencing factors. Vague delimitation of infant’s age at 
death will most probably be a very common feature and therefore 
interpretations of terms ‘neonatal’ and ‘post-neonatal’ cannot be 
made with absolute accuracy. 


A study of fertility in Greater Bombay was conducted during 
1966 by the IIPS ?® in which a sample of 7872 currently married 
women was interviewed. Results of the survey are used in the 
following paragraphs to study some of the social, economic, cultural 
and biological determinants of infant mortality. To reduce the 
impact of possible ‘recall lapse’ the sample was restricted to 4466 
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women who reported a termination of pregnancy during the years 
1960-1965. During this period 7779 pregnancies were reported 
(1.74 per woman) as terminated out of which 
7166 (= 92.1 per cent) by single live birth, 
439 (= 6.1 per cent) by abortion 
TOD ("1.4 percent) by "stillbirth 


65 by twin birth, out of which in 62 pregnancies both 
children were born alive and in the remaining three one child was 
live born and one stillborn. 


Abortion rates and stillbirth ratios as established by this study 
were undoubtedly on the lower side. It partly is due to the 
methodology of surveys of this type; out of the sample automatically 
are excluded all women who died at delivery or during the period 
reviewed. It may be assumed that in case of maternal death 
probabilities of stillbirth and, for that matter, chances of infant’s 
death as well, are higher than in the general population. There is, 
however, no possibility to estimate the extent of this omission and 
its impact on stillbirth ratios and infant mortality rates 17. Major 
Omissions are undoubtedly due to non-reporting of abortions and 
possibly also to concealment of stillbirth. The age and parity 
specific rates (Tables 7 & 8) do not deviate from a generally observed 
pattern: highest rates are found with youngest mothers and towards 
the end of the child-bearing period. Somewhat irregular is the trend 
with respect to the order of pregnancy, though very high orders show 
‘a distinctive increase of both abortion rates and stillbirth ratios. No 
further analysis was conducted because of the strong suspicion of 
underreporting. 


Table’ 7 


GREATER BOMBAY FERTILITY SURVEY 1960-1965: STILLBIRTHS 
AND ABORTIONS BY AGE OF MOTHER 


Age of mother at termination of pregnancy 
less than 20 20-24 25-29 30--34 35-39 
Abortions per 1000 


terminated pregnancies 85.4 ay. Jens 66.1 69.2 
Stillbirth ratio per 


1000 total births 19.6 14.9 11.6 15.6 22.7 


The number of terminated pregnancies at age 40 and over was only 93 
and therefore no rates were calculated. 
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Table 8 


GREATER BOMBAY FERTILITY SURVEY, 1960-1965. ABORTIONS AND 
STILLBIRTHS BY ORDER OF PREGNANCY 


Order of Pregnancy 1 2 3 4 5 6 qi 


Abortion Rate* 56.7 53.8 56.7 57.4 64.3 71.8 85.6 
Stillbirth Ratio* 17.6 13.4 jeg 13.8 Poel PAS, 12.4 


*RateS were defined as in Table 7. 


Infant mortality rates calculated on the basis of survey data 
are somewhat different from the usual ones, being birth-cohort 
mortality rates rather than conventional infant mortality rates. 
Consequently the calendar year of death may be the year of birth 
or the following year. Similar definitions apply to neonatal and 
post-neonatal mortality rates. 


Probabilities of infant death are rather consistent with 
IMRs found for Greater Bombay, considering the size of the 
sample involved. The annual average for the period was 73.6 
infant deaths per 1000 children born alive during 1960—1964 
with 49.3 percent of neonatal deaths (Table 9). With respect to 
biological determinants the picture is also consistent with well 
known tendencies. The youngest and oldest mothers experienced 
highest infant mortality (in both its components, i. e. neonatal 
and postneonatal). Age and pregnancy order being closely inter- 
related, the highest infant and neonatal mortality rates were 
found in the Ist pregnancy, whereas the lowest ones were—in 
our sample—for the 5th and 6th order pregnancies. For post- 
neonatal mortality the rates were somewhat higher than average 
throughout the first to fourth pregnancies. The total number 
of infant deaths being rather small no much significance is to 
be attached to the variations of the rates. The calculations were 
carried Out to examine whether the findings agree with known 
results of other investigations rather than to establish represen- 
tative rates for Greater Bombay. 


The main aim of the analysis of results of ‘Greater Bombay 
Fertility Survey’ in respect of infant mortality was to study the 
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Table 9 


GREATER BOMBAY FERTILITY SURVEY 1960-1965 INFANT MORTALITY 
RATES (TOTAL AND BY AGE OF INFANTS) BY COHORTS OF BIRTHS 


Infant Neonatal Postneonatal 
Birth cohort Mortality Mortality Mortality 


per 1000 live births 


1960 74.2 36.7 ; mi 
1961 87.1 44.0 43.1 
1962 82.8 40.6 42.2 
1963 55.4 28.5 26.9 
1964 67.1 Phe Tes) 37.6 
1965 = 24.7 re 


impact of its cultural, socio-economic and environmental deter- 
minants inthe metropolitan population. Because similar surveys 
are conducted by IIPS in rural areas of India it may be possible 
in due time to compare differentials between rural and urban 
(metropolitan) results. Due to limited number of observations 
(444 infant deaths) the analysis was carried out by using 
different sub-groups of population. Total infant mortality rates 
for the period 1960-4 were used, specifiic by age of mother, as 
the standard. Age structures of women ‘exposed’ were known 
for different strata (by religion, social class, education, place of 
origin). | Theoretical (expected) numbers of infant deaths were 
then calculated for each sub-group under hypothesis that the 
social (cultural. etc.) charcteristic does not bear any effect on 
infant mortality level. By comparing observed and expected num- 
bers of infant deaths a standardized ratio was obtained as 
SMR — observed number of infant deaths in sub-group 100 

expected number of infant deaths in sub-group 
the value of which exceeds 100 in cases of increased mortality in the 
particular sub-group of population (and was less than 100 in the 
opposite case). A simple test of significance was used'® with 5 per 
cent level of significance applied throughout the study. Similar 
procedure was followed for the analysis of neonatal and postneonatal 
mortality. 
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Table 10 


INFANT MORTALITY RATES BY AGE OF MOTHER, GREATER BOMBAY 
FERTILITY SURVEY 1960-1964 


Out of 1000 live born children during 1960-64 


Age of mother at the there died during 

termination of Infancy ~~ neonatal period postneonatal period 

pregnancy (0-27 days) (28-365 days) 

19 127.9 68.0 59.9 

20-24 82.5 35.8 46.7 
25-29 2-3 220 Daas 
30-34 46.5 25.6 20.9 
35-39 74.3 40.2 34.1 
Total ieee 36.3 3733 

Number of deaths 444 219 225 

Vable- [1 


INFANT MORTALITY RATES BY PREGNANCY ORDER (GREATER BOMBAY 
FERTILITY SURVEY, 1960-1964) 


Deaths per 1000 live 


born children during Order of Pregnancy 

1960-1964 | is 3 4 | 6 7 
In infancy 89.4 73.6 70.9 71.4 58.6 64.1 66.4 
0-27 days 49.9 36.0 32.0 30.8 24.9 RRs 31.0 
28-365 davs 39.5 37.6 38.8 40.6 ae wr 30.8 35.4 


——$——— 


Infant Mortality by Educational Level of Mother: 


Educational level was found to be the strongest, most effective 
single factor determining the level on infant, neonatal and 
postneonatal mortality (Table 12). Illiterate women had the highest 
ratets, exceeding the overall infant mortality by 27 per cent (post- 
neonatal mortality by almost 35 per cent). The lowest rates were 
found for women with higher than elementary education, and—as 
expected—with strongest effect in the post-neonatal period (actual 
rates being only about 30 per cent of the post-neonatal mortality of 
the total sample). 
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Table 12 


INFANT MORTALITY RATES BY EDUCATIONAL LEVEL OF MOTHER 
(GREATER BOMBAY FERTILITY SURVEY 1960-1964) 


Deaths per 1000 live Illiterate and Completed Higher than 
births (cohort born without formal elementary elementary 
during 1960-1964) education education education 

In infancy 95.7-427.5) 31:9 (71.2) 35; /artosto) 
0-27 days 44.6 (120.1) 21 BEI) 23: Seon) 
28-365 days 51.1 (134.9) 24.6 (66.1) 1022973 


Rates underlined are statistically significant at 5 per cent level. 


Infant Mortality by Religion of Mothers : 


Out of the three groups (the fourth group—‘others’—‘comprises 
mostly Parsees and non-specified) the lowest rates were found, as 
expected, for Christians. The highest rates for Muslim women were 
close to the accepted level of significance. Contrary to expectation 
there were no significant differences in the post-neonatal mortality 
(Table 13). One of the reasons for conspicuous differences of IMRs 
among different religious groups may be sought in educational 
differences among them. 


Table 13 


INFANT MORTALITY RATES AND SMR’S BY RELIGION (GREATER BOMBAY 
FERTILITY SURVEY, 1960-1964) 


Deaths per 1000 
live born children 


during 1960-1964 Hindus Muslims Christians Others 

In infancy 75.2 (102.6) 97.4 (120.7) 45.7 (69.6) 59.9 (78.8) 
0-27 days 39.8 (97.8) 57.0 (142.8) 24.8 (74.7) 28.9 (81.9) 
28-365 days 35.4 (107.2) 40.4 (98.0) 20.9 (63.2) 31.0 (80.6) 


‘actual’ number of deaths 


Numbers in brackets are SMR *~ expected’ number of deaths 


=100 
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Social and Economic Status of the Family : 


Education is effecting economic and social position of a person 
in a society, determining his occupation, earning, way and style of 
living, housing and in both positive and negative way has an impact 
on his health as well as his family’s wellbeing 1°. It may be there- 
fore expected that differentials in infant mortality by social stratifi- 
Cation will have similar trends as those found for educational pattern. 
Economic and social status of the family interviewed were decided 
by investigators on the basis of several criteria. The orientation was 
more toward actual standards of living of the family rather than 
limited to evaluation of income alone. Subdivision into three broad 
categories was necessitated by the smallsize of our sample (Table 14). 


Table 14 


INFANT MORTALITY RATES ACCORDING TO SOCIAL STATUS OF THE FAMILY 
(GREATER BOMBAY FERTILITY SURVEY 1960-1964) 


Deaths per 1000 live 


born children (cohort Social Status 

born during Low and 

1960-1964) Lower Middlle | Upper Middle Upper 

In infancy 90.380 (LlGeL 54.1 (80.0) LIT (2635) 
0-27 days 43.5 (113.6) S24 (97.4) - 
28-365 days 46.8 (118.5) 21-6; (65:3) — 


Even then the highest social class had only 565 women and ex- 
perienced 10 infant deaths (out of it 3 in neonatal age). The impact 
of social status was evidently high in infant mortality rates in general 
and in post-neonatal mortality in particular. Here again the results 
may be interpreted in terms of knowledge, awareness of child care, 
and availability of such care. With MCH facilities of a city, access 
to medical help need not be obstructed by economic hindrances — 
services being available free of charge. It is most probably lack of 
knowledge and negligence but also the approachability due to 
differential social status, which are responsible for the increased 
IMRs in the lower strata of society than want of health services. 
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Mother's Place of Origin: 


A major part of Bombay’s population (64 % in 1961 Census) 
was born outside the city 2°. It was expected that IMRs will be 
higher among women who migrated to Bombay from rural areas or 
from other urban areas in India, because social and educational level 


of the large part of the immigrants is lower than that of the ‘resident’ 
population. The differential IMRs were as anticipated in case of 
women who immigrated from rural areas: 81.9 per 1000 live births. 
For the other two groups the differences were negligible (65.3 and 
66.0 for those born in Bombay and in urban areas respectively). 
None of the differences was, however, statistically significant. 
Similarly no significant differences were found between IMRs for the 
city and the suburbs. 


During the period 1960-1964 the interviewed women gave birth 
to 110 twins. Out of them 30 died during infancy (IMR = 273 per 
1000 live-births); neonatal mortality rate was 191 per 1000 live-born. 
In 11 out of 55 deliveries of twins both children died during infancy. 


The Fertility Survey had not as aim a study of infant mortality. 
However, even within a limited scope, its results may be used for 
such a purpose provided the data were collected with care and proper 
check-up of information obtained. Delimitations of certain events 
reported may be defective, as it is most probably the case of still- 
births and live-births of infants who died shortly after birth. 
Neonatal age may not be accurately discerned from post-neonatal] 
period; even deaths of children somewhat older than one year may 
be reported as infant deaths. However it may be assumed that such 
defects are not too many and do not seriously affect the well marked 
differences among sub-groups of population under study. It is the 
trend of such differences we are interested in, revealing the ‘exposed 
to risk’ sub-groups of population, rather than accurate levels of the 
mortality rates. Health planning and preventive programmes have to 
be oriented to ‘groups at risk’ to be fully effective. Under conditions 
of scarcity of relevant data any source of possible supplementary 
information may contribute to this knowledge in spite of the 
limitations. 
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Another factor undoubtedly contributing to high neonatal mortality is 
prematurity, as reflected by birth weights. It has been observed in two 
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teristics, such as religion and occupation have a significant effect on 
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Analysis of Factors Affecting Infant and 
Early Childhood Mortality in India 


P. S. S. Sundar Rao 
Introduction 


Infants and children are the most vulnerable group for deaths. 
Unfortunately, those areas of the world for which the relevant 
statistical data do not exist or are too defective to be included proba- 
bly belong to the high or very high childhood mortality 1° 1°. For 
countries wherein this information exists fairly accurately, a conserva- 
tive estimate seems to be a loss of nearly 4 per cent of all live births 
by the fifth year of age. Probably a world-wide weighed average of 
early childhood deaths would be between 15 and 20 per cent of all 
live births. 


In India, the death rate among children is considered to be 
very high, contributing to nearly 45 per cent of the total deaths in the 
country! '4. The causes of this profuse wastage of lives are not 
satisfactorily described by the existing statistics. Even when the 
Statistics on Causes of death are accurrate—and they very seldom are 
—the best they can tell is the disease or the final medical symptom 
which preceded death, Thus real explanations which would implicate 
social and economic factors can only be determined through special 
studies. In this paper an attempt is made to describe the infant and 
early childhood mortality status and indicate the probable causes of 
mortality and future trends. 


Definitions 


It is important to define initially certain terms and measures 
commonly employed in studying infant and child mortality. Infant 
mortality may be defined as the number of infant deaths per thousand 
live births in one year. Neonatal mortality rate indicates the number 
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of deaths occurring within 28 days of birth per thousand live births 
in One year. Postneonatal mortality rate expresses the death rate of 
infants dying from 28 days to under one year per thousand live births 
who have survived the neonatal period. Childhood mortality are 
expressed as age-specific death rates at individual years of age or for 
age-groups of 1-4 years, 5-9 years and 10-14 years, wherein the 
number of deaths occurring in any year in these specified age groups 


are divided by the estimated mid-year populations in the correspond- 
ing age groups. 


Present status of Infant and Child Mortality 


The percentage distribution of deaths registered in India ** 
during 1964 by age, sex and area is shown in Table 1. 


Table 1 


PERCENTAGE DISTRIBUTION OF DEATHS BY AGE, SEX AND AREA: ?/4 
INDIA, 1964 


AGE GROUP ALL AREAS RURAL URBAN 
(YEARS) M F T M F T M F T 
UNDER 1 1S TTB 1b SII ISVs 19.8 20.2 20.0 
1-4 16.4% 18.0 17.2 172218.9" 130 [258° 2525 ae 
5-9 mit FS: Me yt we eek 8 (am A2+ 4.42 ae 
10-14 3.0308 28822 219 LOL 2 OGRA 2:8 2.7825 
15-19 2:9: 83 1 S3i0 29 1h 3289 Bat 216? 39332 ae 
20-29 S52 6:82" (OD 49 086:5> O47 5.8 *8.0°- 6.8 
30-39 Gil? 6:60 br5 SOEsHo- G72 6:6 "7225 +638 
40-49 elt Ola od (Avan Gor ea.0 84° 6:1 ‘Ha 
50-59 9:8 - 7.9 8.9 9.4  8.3- 8.9 10.5 6.9 -8:8 
60 and above 25.4 24.2. 249 24.9 24.1 24.5 265 2-64 26.1 


nt 


It is observed that in both urban and rural areas as well as 
among males and females, nearly 44 per cent of all deaths occur 
among persons under 15 years of age. Nearly 36 per cent of all 
deaths occur among children under 5 years of age. It is also observed 
that next to deaths among persons aged 60 years and more, the 
highest proportion of deaths seem to occur among infants and 
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those belonging to the age groups 1 to5 years. The age-specific 
rates in India are described in Table 2. 


Table 2 


AGE-SPECIFIC MORTALITY RATES FOR INDIA!®: 1958-59 


Age (Years) Percentages 
All Ages 19.2 
- | 190.3 
1 -4 44.0 
a) Ro Ee tel 
15 - 24 4.5 
25 - 34 5.3 
35 - 44 26 
45 - 54 10.5 
55 - 64 26.6 
65 & over 63.5 


It is obvious that the maximum age specific mortality occurs 
among those under one yearof age. The age-specific mortality 
in early childhood is also high. Subsequently the mortality rates 
decline attaining a minimum during the age group 15 to 24 years 
and thereafter increasing gradually. 


Infant Deaths : 


Infant mortality has been an important index of the social 
and economic development ina country, largely due to the causa- 
tive factors involved. As infant mortality rates decline towards 
the minimum, a larger part is confined to neonatal mortality which 
comprises of a hard core of causes not amenable to further reduc- 
tions excepting through progress in medical knowledge. The 
registered infant mortality rates in India during 1964 varied bet- 
ween 70 and 80 per 1000 live births 7, 8, '4, while the true rates 
have been estimated at various sample registration and special 
project areas to vary between 120 and 140 per 1000 live births *,17. 
The infant mortality for selected countries during 1969 is displayed 
in Table 3. 
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Rabte:- 3 


INFANT MORTALITY FOR SELECTED COUNTRIES !7 :1969 


Country 


Sweden 
Japan 
Denmark 
Australia 
United Kingdom 
France 
United States 
Canada 

UNS Fs. Re 
Philippines 
Guatemala 
Chile 

UAR 

India 

Ghana 
Uganada 
Brazil 


Rate 


1229 
15.0 
15.8 
18.3 
18.8 
20.4 
Pays 
PORY 
26.5 
e254. 
89.0 
100.0 
117.0 
139.0 
156.0 
160.0 
170.0 


For the developed countries, the figures are all below 30 
per thousand live births, while in most developing countries the 


infant mortality ranges between 100 and 180. 


(1) Age at death of infants : 
in India !4 during 1964 is indicated in Table 4. 


Table 


4 


The proportionate mortality by age 


PROPORTIONATE MORTALITY BY AGE AT DEATH OF INFANT 
ACCORDING TO SEX IN RURAL AND URBAN AREAS !4 ( PERCENTAGES ) 


Age 


0 - 6 Days 
7-28 Days 


29 Days - 5 Months 
6 Months - 11 Months 


Under one year 


208 


Rural 


Male 


Pe RS, 
20.5 
25.6 
30.0 
100.0 


Female 


Zee 
19.4 
26.9 
31.4 
100.0 


Urban 


Male 


32.5 
18.9 
25.4 
23.2 
100.0 


Female 


28.4 
ge 
27.2 
26.5 
100.0 


It is observed that nearly 45 per cent of infant deaths occur* 
during first four weeks life. This is true for both males and 
females and in both urban and rural areas. This pattern is 
quite unlike the status observed for countries with low infant 
mortality *,!® as shown in Table 5. 


Table 5 
INFANT MORTALITY BY AGE IN SELECTED COUNTRIES! & 
1964—’65 
Country Under Age of Infant Need 
One Neonatal Postneonatal to Post- 
Year Neonatal 
0-6 7-27 28Days- 6-11 Death 
Days Days 5 Months Months Rate 
Sweden 13.4 9.6 1.0 1.8 1.0 Spt Serco 
Australia 18.5 Lie7 1.6 3.4 1.8 Bae MN 
Switzerland 18.9 12.9 1.4 3.0 1.6 Soloed 
England & Wales 19.1 11.3 le? 4.5 1.6 2 leet 
France 19.4 op 20 0 2 EOee rol 
Japan 20.4 8.6 3.9 S33 2.6 16-31 
Canada 2326 14.7 107 535 Lei Zor 
U.S. A. 24.8 16.1 1.8 Del 1.8 PHP | 
Austria 28.3 17.8 2,2, ap | swe 245k 
Mexico 60.7 14.3 18.6 22.9 14.9 1 Al: 
Gambia 7220 28.4 9.7 15.9 | 18.0 Mie 
Colombia 82.4 20.9 Tes —49 .O- | Patt Les 
Guatemala 87.9 18.9 15.9 29.8 pe Relea Den 


—— 


While most countries with low infant mortality have a ratio 
between the neonatal and postneonatal mortality rates as 
2: 1 or 3:1, the situation in India is the reverse showing a ratio of 
nearly 2: 3. This phenomena is peculiar to countries where infant 
mortality rates still continue to be high (Fig. I) 
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Table 7 


CAUSES OF INFANT DEATH BY AGE IN MADRAS CITY DURING 196414 


Cause of Age 
Death Ty 0-6.» ToS aur oo ayaa Gotan Oat 
Days Days 5 Months Months Months 
All Causes 1955 1192 2204 2452 7803 
Cholera +E 383 2 3 5 
Smallpox “Ne ib 26 59 96 
Measles ey st ae 4 4 
Diphtheria = | I 4 6 
Enteric Fever +r ie 23 2 Z 
Malaria a on seh 1 — 
Other Fever 24 ape 46 60 185 
Dysentery 4 20 202 249 475 
Diarrhoea 6 58 302 392 758 


Infantile Debility and 
Malnutrition including 


Premature Birth 1068 380 161 21 1630 
Diseases of Respiratory 

System 147 242 920 854 2163 
Convulsions 6 9 2) 13 55 
Illdefined 700 416 S17. 790 2428 


—_——" 


(c) Interval between births: The shorter the time interval 
between births, the greater the risk to the survival of the infant. 


(d) Family size: The risk of death increases with the size of 
the family, which often varies inversely with the degree of social and 
economic advancement. 


(e) Cultural practice: Certain primitive customs and habits 
greatly influence the infant mortality. Branding of the skin, appli- 
cation of cowdung to the cut end of the umbilical cord, frequent 
purgation, faulty feeding and weaning practices are some of the 
cultural factors associated with high infant mortality in India. 


(f) Midwifery and Health manpower: Shortage of trained 
personnel like midwives, dais, and health visitors is another cause of 
high infant mortality in India. In India, local barber women are still 
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responsible fora large number of deliveries. These are usually 
illiterates with meagre knowledge of rules of hygiene. 


(g) Environmental sanitation: Lack of a safe water supply, 
poor housing conditions, bad drainage, overcrowding, and _ insect 
breeding all increase the risk of infant mortality. 


The major causes for neonatal mortality are prematurity and 
congenital malformations. In 30 to 50 per cent of cases, the cause 
of prematurity is unknown. A number of social conditions have 
been shown to be associated with low birth weight. Women who 
work late in pregnancy, for example tend to have babies of lower 
birth weight than those who have no occupation during pregnancy or 
who stop work during the early weeks. Rates in areas of cities 
where housing is poor are higher than those in good residential areas. 
Women with low levels of nutrition in pregnancy have higher rates 
than those where nutritional levels are high. All these factors may 
be correlates rather than causes, and the mechanism by which social 
factors are translated into biological events is not clear. 


Lhe problem of congenital malformations is a complex one 
comprising many aspects of medical science!®. The specific causes 
of many of the congenital malformation may be mutations, chromo- 
somal abnormalities or adverse intra-uterine environment asa_ result 
of infections in the mother or use of teratogenic agents. The role of 
consanguineous marriages in this aspect is also to be fully evaluated. 


Early Childhood deaths : 


Excessive numbers of deaths beyond the first year are not 
characteristic of most industrially developed areas. But for techni- 
cally underdeveloped countries, deaths within the age group of 1-4 
years contribute heavily to the crude death rates, often equalling or 
exceeding first year deaths. 


The magnitude of the deaths occurring during 1-4 years of 
age in relation to infant deaths is shown in Table 8. 


(i) By age: The mortality rates or ratios by single years of 
age for the pre-school years are not available excepting through 
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special studies and surveys carried out in various parts of the country. 
Some idea of the death rates in Punjab by individual years are shown 
in Table 9. 


Table 8 


PER CENT RATIO OF DEATHS 1-4 YEARS TO DEATHS UNDER ONE YEAR IN 
SELECTED COUNTRIES: 1965! & 


Country Ratio Per cent 
Guatemala 03-3 
India 89.5 
Gambia 64.4 
Colombia 56.2 
Mexico apg 
Japan 26.2 
Australia Dass 
U.S.A. 2g BS 
Switzerland 19.8 
France 19.7 
Canada 18.1 
Sweden a2 
Austria 17.0 
England and Wales 16.3 
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Table 9 


PERCENTAGE OF DEATHS DURING EARLY CHILDHOOD, BY YEAR OF AGE IN 
RURAL PUNJAB, INDIA, 1957~59°® 


Age (Years) Per cent 
1 70.0 
Z 19.2 
3 ies 
4 SBS. 
Total (1-4) 100 


Second year deaths exceed those of any other in the pre-school 
years. Even in advanced countries and under the best conditions, 
more than one-thirds of preschool deaths are in that year. If the 
neonatal period is eliminated, death rates of the second year 
commonly rival those of infant mortality in magnitude and in 
specific attributes. 


(ii) By cause: The main causes of death in the early child- 
hood are those characteristic of the postneonatal period of infancy, 
where infectious disease and malnutrition are the chief considerations. 
In the second year. however, malnutrition assumes more importance 
and its interaction with acute infections, enhances the clinical severity 
of infectious processes and mortality®. Multiple causal factors 
however, Operate as usual in the Indian setting, some primarily 
biologic, others social or cultural. After the second year, death, rates 
decline progressively to lower levels, although with varying prompt- 
ness, under the influence of specific environmental features. 
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Anidea of the role of environmental factors can be obtained 
from a comparison of the causes of death in various age-groups of 
children! 4 as shown in Table 10. 


Table 10 


PERCENTAGE DISTRIBUTION OF DEATHS BY SELECTED CAUSES OF DEATH! 4 
IN EACH AGE-GROUP OF CHILDREN, INDIA, 1964 


Disease Disease Code? § Age [Years] 

Group* 0 1-4 5-9 110-14)» Tofal 
I 010-019 1.6 10.7 iki Ea 2255 6.3 
II 000-009, 022-136 O72 1225 30.7 20.8 Bhs 
III 140-239 0.1 0.3 0.9 2 0.4 
IV 243-299 ays 8.3 345 5.0 5.0 
Vv 300-458 6.1 15.6 17.9 15.0 10.5 
VI 460-519 6.4 12.6 5.0 De Lat 
VII 520-577 Lite ORE! 7.8 5.0 14.1 
Vill 580-629, 680-734 0.4 1.4 2.8 323 1.1 
IX 741-779 at hed 1:2 0.4 0.8 33.8 
4 780-796 4.4 The! (Rs 4.1 5.6 
XI N800-N999 i 3 3.6 ES) 18.3 4.0 
Total 100 100 100 100 100 
wk Tuberculosis 

il Other Infective and Parasitic Diseases 

III Neoplasms ‘ 

IV Endocrine, Metabolic Diseases, Nutritional Deficiences, Diseases of 


Blood and Blood Forming Organs 
V Diseases of Nervous System, Sense Organs and Circulatory Svstem 
VI Diseases of Respiratory System 
Vil Diseases of Digestive System 


VIII Diseases of Genito Urinary, Skin, Subcutaneous and connective 
Tissue, Musculoskeletal System 


IX Congenital Anomalies, Causes of Perinatal Morbidity and Mortality 
x Illdefined 
XI Injuries, Accidents. 


Even as broad cause-groups, the impact of environmental factors 


seem clear. 


Future Trends 


The infant mortality rate while still high, has shown a 
consistently downward trend over the past few decades as displayed 
in Table 11, for India and in Fig. II for Madras city?. 


Period 


1901 
1906 
1911 
1916 
1921 


1926 — 


1931 
1936 
1941 
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1971 


300 


200 
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50 


(925 


Table 11 


INFANT MORTALITY RATES IN INDIA! ? 
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The experience in other countries wherein reductions in infant 


mortality have occurred may be useful in predicting the trends in 
India. 


The per cent annual rates of decline in selected countries’° 
are shown in Table 12. 


deny foe BY 


PER CENT ANNUAL RATE OF DECLINE IN INFANT MORTALITY 
RATES FOR THE STATED TIME PERIOD FOR THE COUNTRIES OF 
LOW MORTALITY !° 


Country Period Per cent Period Per-cent 
I Annual Rate II Annual Rate 
of Decline of Decline 
England and Wales 1943 - °54 6.1 1955 - °62 1.9 
Norway 1945 - °55 5.9 1956 - °62 ant 
Sweden 1936 - °55 5.0 1956 - °62 2.0 
Netherlands 1949 - °56 4.7 1957 - ’62 92 
Switzerland 1945 - °56 4.3 1972-2 62 1.7 
United States 1933 - °49 4.3 1950 - °62 [et 
New Zeland 1943 - °53 a0 1954 - 61 0.5 
Australia 1944 - °54 2) 1955 - °62 1.4 


After a period of exceedingly favourable infant mortality 
experience, there began to appear in the early 1950’s indications of 
deceleration in the rate of decline. This change appeared first in the 
trend for the United States and later in other countries. 


In Figure II[ is shown the trends in infant mortality by age in 
India during 1960-’64. (see facing page) Deaths during the 
postneonatal period have obviously shown the maximum decline and 
there is practically little change in the first week deaths. 


The experience of countries of low mortality has significance 
for the developing countries which are now at the stage where many 
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TRENDS IN INFANT MORTALITY BY AGE IN INDIA 
DURING 1960 - 64 
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= 

ae 

1960 6). 62 63 64 
YEAR 
Figure 3 


of the developed countries were some forty or fifty years ago. The 
availability of knowledge and of the technical means for preventing 
infant deaths from diseases of infectious origin makes it possible to 
reduce the infant mortality rate substantially in a relatively short 
period of time in the developing countries. 


Conclusions 


While the present infant mortality rate is still high in 
comparison to what has been achieved in the advanced countries, 
considerable reductions were made in the past two decades. 


The decline in infant mortality has been attributed to 
(a) improvements in the standard of living (b) better control of 
communicable diseases (c) advances in chemotherapy, antibiotics and 
insecticides (d) better nutrition (e) better obstetric and other health 
services. However, a significant portion of the infant mortality still 
occurs in the postneonatal and early childhood period, the neonatal 
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mortality, is also unduly large. Substantial progress is therefore to 
be expected in future. Further action programmes to reduce infant 
mortality must be based on reliable classification of causes of death. 


Because infant mortality isan important determinant of the 
average length of life, the lowering of infant mortality can add 
significantly to the average life expectancy in areas attempting to 
cope with the the problem of rapidly increasing population. 


Deaths in early childhood have long held secondary interest to 
infant mortality and to the problems of the school child. They 
warrant greater emphasis in politics which guide activities in maternal 
and child health. Death rates at these ages, more than at any other 
age, respond promptly to improved social conditions; in Great Britain 
their decline anticipated that of infant mortality by 40 years. They 
react sensitively to war years, economic depressions, and other times 
of social stress. The diseases mainly responsible, infections and 
malnutrition, are largely preventable. The promise of public health 
accomplishment is good. 
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Current Research on Morbidity and 
Mortality in the Indian Council for 
Medical Research 


A. D. Taskar and Shantha Madhavan 


With the advancement of medical science in recent years 
and with the use of new drugs and modern methods of treatment, 
the emphasis has shifted from mortality to morbidity in medical 
research. As Logan (1965) had put it, mortality is being replaced 
by morbidity as an index of sickness and health. With the progress 
of time, the pattern of diseases has been changing so rapidly that the 
attention of medical scientists has to be focussed on these newer 
problems, probing for the etiology of these diseases and assessing 
their magnitude. Thus the need for measuring morbidity in medical 
research has become imperative. In order to supplement the clinical 
profile and to know more about the underlying factors, detailed 
information is needed on the epidemiology of morbidity. 


In India, the Indian Council of Medical Research has been 
the premier organisation for sponsoring and conducting research on 
various aspects of medical and public health problems in the country. 
The research activities of the Council are carried out at three levels. 
Firstly, at the seven permanent institutes, secondly at a number of 
semi-permanent research units and thirdly under a large number of 
ad-hoc enquiries of a limited duration, which receive financial 
support from the Council. The Council plays not only an effective 
role in promoting biomedical research in the country but also helps 
to increase the research potential in the country by providing 
training and research facilities to scientists. 


The Council had in the earlier days, directed its interest on 
understanding the epidemiology of mainly communicable diseases 
as malaria, filariasis, cholera, plague, -kala-azar, leprosy, hookworm 
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infections and problems of diet and nutrition. With the appearance 
of newer problems, the Council has been adopting its research 
policies to meet the needs of such new situations, As the importance 
of other non-infectious diseases such as cancer, cardiovascular 
diseases, metabolic disorders, mental health etc., is gaining more and 
more recognition, additional facilities for research in these fields have 
been created. Recently, the Council has launched a number of 
collaborative studies, in order to know the variations in the distri- 
butions of the diseases and regional differences, which call for 
comparative studies of morbidity, as a basis for research on etiology. 


Cancer: 


The epidemiological aspect of cancer research has attracted 
world wide interest in recent years and the Councilis planning to 
take active part in the epidemiological programmes of the inter- 
national Agency for Research on Cancer, Lyon, France. At the 
national level, the Council has recently initiated studies in the field of 
oncology, which would help in the understanding of the etiology of 
the disease as well as its prevention. 


Cancers of the oral cavity, uterine cervix and the breast 
together constitue over 60 per cent of all malignant tumours in our 
country (I.C.M.R. Bulletin Oct ’71). The Council has initiated 
collaborative epidemiological, clinical and cytological studies on 
these three tumours at various centres in the country. 


Oral Cancer : 


Oral cancer in India shows considerable variation in its 
frequency in different parts of the country. A collaborative study 
on epidemiology of oral cancer has been set up at Ahmedabad, 
Guntur, Kanpur, Trivandrum and Vishakhapatnam. By adopting 
uniform methodology in all these centres, collection of useful data on 


the epidemiology and possible prevention of oral cancer may be 
achieved. 


In an epidemiological survey to study the prevalence of oral 
and oropharyngeal cancer in textile mill workers of Ahmedabad, 
57634 workers from 77 mills and other organisations were examined, 
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and 33 cancer cases were detected giving an annual incidence rate 
of 28.6 per 100,000 persons. Tobacco chewing is the most common 
practice amongst the workers here. 


A similar study was carried out in Mainpuri District, 
Uttar Pradesh. The incidence rate of oral cancer was 21.4 
per 100,000 population. Buccal mucosa was the commonest 
site, involved. Strong association was observed between the preva- 
lence of oral cancer and the chewing of ‘Mainpuri’ and Pattiwala 
types of tobacco. 


Cervical Cancer: 


Cancer of the uterine cervix is the commonest cancer affecting 
Indian women, and its frequency varies from region to region in the 
country. A collaborative study on epidemiological clinical and 
cytological aspects of this cancer has been sponsored by the 
Council at Agra, New Delhi and Madras. At each centre, cases and 
normal subjects will be taken from hospital, drawn from a specific 
areas of one million population. Uniform proforma will be used by 
all the centres to collect data. 


A study of genital carcinoma in women was carried out at the 
S. N. Medical College, Agra, and 39587 females were screened over 
a period of 3 years. It revealed genital carcinoma and dysplasia in 
711 and 941 cases respectively. Of the 711 cases of genital carcinoma, 
693 were cases of cervical carcinoma, giving a rate of one out of 
every 57 women in a population of 39,587 examined. Cervical 
cancer occurred more in women who were multiparous or had long 
reproductive period. 


Another epidemiological study was conducted on the preva- 
lence of cancer of uterine cervix with special reference to the role of 
certain environmental factors in its etiology in the urban and rural 
areas of the district of Agra. Out of the cervical smears of 26,533 
women aged 20 years and above examined, the three year prevalence 
rate of carcinoma and dysplasia of the cervix was observed to be 
0.63 and 6.28 per cent respectively. On analysing the data according 
to religion, age at marriage, number of pregnancies and socio- 
economic status, it was observed that Hindu women had a greater 
risk of cervical cancer than Muslim women. 
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Cancer of the Breast: 


It is postulated that factors which predispose to uterine cancer 
have a protective action on breast cancer. An epidemiological study 
of breast cancer vis-a-vis cervical cancer is being carried out in two 
hospitals in New Delhi city. 


The Council has undertaken an epidemiological study on breast 
cancer in an urban population of Delhi. The aim of this study is to 
find out the prevalence of breast cancer and to evaluate the signifi- 
cance of various etiological factors in the occurance of breast cancer 
particularly in relation to lactation. 


Cardiovascular Diseases & Hypertension: 


Cardiovascular research conducted under the auspices of the 
Indian Council of Medical Research includes fundamental, labo- 
ratory and applied research as well as clinical and epidemiological 
studies. While on the one hand the research activities of the Council 
relate to the foremost killers—rheumatic heart disease and ischaemic 
heart disease, the Council has also been actively studying medical 
problems of interest to our defence services such as high altitude 
hypoxia and cold stress. 


Coronary Heart Disease: 


Epidemiological studies of coronary heart disease were carried 
out at New Delhi, Agra and Bombay, in urban population over 
30 years of age. In New Delhi, the prevalence of ischaemic heart 
disease was reported to be 5.5 per cent in the high income group and 
below 1 per cent in the low income group. The study at Agra gave 
a prevalence rate of 5.3 per cent, showing a significant relationship 
between the disease and sex, age, socio-economic status and serum 
cholestrol level. In a similar study at Bombay among a population 
of low socio-economic group, the prevalence rate was found to be 
2.9 per cent, and the important influencing factors were noted as 
overweight, inadequate exercise, higher serum cholestrol level and 
greater prevalence of hypertension and diabetes. 


Rheumatic Heart Disease: 


Rheumatic heart disease is another important cause of morbi- 
dity in the young. The Council has recently initiated a collaborative 
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Study on the epidemiology of rheumatic heart disease with partici- 
pating centres as Agra, Alleppey, Bombay, Hyderabad and New 
Delhi. The aim of the study is to determine the prevalence of 
rheumatic heart disease among school children who form the most 
vulnerable group for this disease and to study in detail the natural 
history and pattern of the disease in different parts of the country. 
It has been proposed to examine 40,000 school children between 
5-16 years of age at each centre. The cases of rheumatic heart 
disease picked up from these would be followed up for detailed study. 


In Chandigarh, a study on rheumatic fever and rheumatic 
heart disease was carried out in the urban population and in the 
neighbouring rural areas. Through a house-to-house survey 33,361 
individuals were examined on a random sample basis. The prevalence 
of chronic Rheumatic Heart Disease and Rheumatic fever was found 
to be 1.23 per 1000 males and 2.07 per 1000 females. 60 per cent of 
the cases with rheumatic heart disease gave a history suggestive of 
rheumatic fever in the past. This study revealed that this disease 
was highly prevalent among females, which demands measures for 
early detection, prevention and treatment, in young women 
particularly. 


In New Delhi, a survey of 2544 school children between the 
age of 5-15 years showed a prevalence rate of rheumatic heart 
disease of 6.0 per cent. 


Diabetes Mellitus 


In the field of clinical endocrinology, the collaborative study 
instituted last year by the council on diabetes mellitus in India is in 
progress at six centres namely Ahmedabad, Calcutta, Cuttack, New 
Delhi, Poona and Trivandrum. The study aims at finding out the 
prevalence of diabetes mellitus in both the urban and rural popu- 
lations of different parts of the country, and also to work out the 
clinical and biochemical profile of untreated diabetic persons on a 
country-wide basis. For the prevalence study each centre is to 
examine 7000 individuals above 15 years of age. The data on clini- 
cal profile and biochemical profile are to be obtained from 200 and 
50 untreated diabetics respectively, in addition to 50 normal subjects 
as controls for biochemical profile. 
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Preliminary data from Ahmedabad had shown that the 
prevalence of diabetes mellitus in the rural areas near Ahmedabad is 
1.21 per cent. Diabetes was found to be more common after the age 
of 30 years with a male; female ratio of 1.4: 1. 


Thyroid Disease : 


A pilot survey was completed on hypothyroid patients in 
school children of Chandigarh. Compulsory use of iodised salt was 
introduced in Chandigarh and neighbouring rural areas in 1963, as a 
result of the low iodine content of natural water in these regions. 
The present survey revealed that goitre was still endemic in a small 
percentage (16.4 per cent) of school children of Chandigarh even 
after four years of iodine prophylaxis. 


Epilepsy: 


A collaborative epidemiological study of epilepsy in India is 
being carried out in five centres in India, namely, Bangalore, Bombay, 
Calcutta, Madras and New Delhi. The objectives of the study are: 
(a) to identify in a particular geographic area, a hospital referred 
population of patients with convulsive disorders; (b) to classify clinic- 
ally such patients of convulsive disorders; (c) to determine, in so far 
as possible, the etiology of the convulsive disorders (d) to institute 
therapy and evaluate effects on the individual patients and (e) to 
collect data on social and religious factors for study of the effects of 
socio-cultural and economic factors on etiology of epilepsy and 
prediction of effectiveness of management. From the data collected 
so far, some of the observations made were that head injury was 
found to be the commonest etiological factor, birth trauma being the 
next common one and also major epilepsy accounted for the highest 
per cent of cases. 


Growth and nutritional Status of Children : 


A survey on physical growth and nutritional status of children 
of 5-10 years carried out in New Delhi, showed vitamin A 
deficiency in 4.7 per cent and diminished vision in 28.5 per cent. An 
adverse socio-economic status had more effect on weight than height. 
Further follow-up was being carried out to compare the morbidity 
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pattern of children in the longitudinal study with that of those in the 
semi-longitudinal one, belonging to the age group 5-10 years. 


Studies on skeletal maturation, i. e. appearance of ossification 
centres were conducted on 1007 children. The skeletal maturation 
of girls was found to be faster than that of boys. It was also observed 
that pattern of skeletal maturation of Indian children was similar to 
that of American children except for a slight delay in the ossification 
of trapezoid and ulna and marked delay for capitallum. 


Cross-sectional studies on infant growth norms are being 
carried outin four centres namely Agra, Madras, Poona and 
Varanasi. These studies are on the same lines as the country wide 
Survey on growth and physical development of Indian children 
1 to 20 years conducted by the Council during the year 1956 to 
1961, the preliminary data of which were published in 1968 and the 
final detailed report is now under print. 


Nutrition and Infection : 


A prospective clinical field study on young rural children to 
study the interaction of nutrition and infection was carried out at the 
Rural Health Research Centre at Narangwal, Ludhiana. The 
objectives of the study were 1) to determine the effect of nutritional 
status on the incidence of infection in children 0-3 years, as well as 
the effect of infection episodes on nutritional status and 2) to study 
the effect of medical care and nutritional supplements on both 
nutritional status and the incidence of infection. 


These interactions were to be studied in eleven Punjab villages 
divided into four groups which were to receive a) nutritional supple- 
ments alone (b) curative and preventive health care mainly concentr- 
ating on infectious disease control through inmunization and early 
treatment; (c) a combination of nutritional supplements with curative 
and preventive health care; and (d) a control group receiving only 
minimal symptomatic care. 


Preliminary findings of the work carried out so far suggested 
that i) morbidity was reduced in the groups of villages receiving 
combined care; (ii) a significant increase had occurred in the rate of 
increment of both height and weight in the cohort receiving services 
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(iii) haemoglobin levels were higher in the nutrition supplemented 
cohort as compared to the child care and controls cohort; 
(iv) age of weaning had increased significantly in the two year period 
of observation. 


Tuberculosis : 


Tuberculosis prevention trial is being conducted under the 
Council. The aims and objectives of the study are: 1) to assess the 
value of BCG in the prevention of tuberculosis under the conditions 
existing in India (ii) to decide the feasibility of chemoprophylaxis 
trial in India. During a period of 2 years and 8 months, 2,96,794 
persons were vaccinated with BCG or placebo. 2,36,199 persons 
were examined by X-ray and 53,467 persons were referred for sputum 
examinations and 2,206 culture prositive cases of pulmonary tubercu- 
losis were found. The follow-up is being maintained every six 
months. The study is still in progress. 


In another study trends in tuberculosis were studied in an 
urban community in Delhi. A series of four longitudinal surveys 
Over a period of 8 years has yielded some interesting data relating to 
the epidemiology of tuberculosis in the study area. The prevalence 
of tuberculosis has shown a definite fall during the last two years of 
the study period, in the community followed up. 


In a tuberculosis morbidity study carried out at the Institute 
of Child Health and Hospital for children, Madras, a total of 4,608 
children were tested with 3 antigens (PPD-5, PPD-6 and Fraction 
403) simultaneously. Follow-up studies revealed a high prevalence 
of infection; by the age of 12 years, 40 per cent of children were 
already infected. 


Poliomyelitis : 


The enterovirus unit of the Council at Bombay routinely 
collects epidemiological data on paralytic poliomyelitis in Greater 
Bombay. Age distribution of cases showed that the disease affected 
mainly children in the age group 7 months to 2 years. 


The unit had extended its activity to the rural area of Sirur 
Taluk (Poona District), conducting virological survey. 31.5% of the 


229 


child population. between the age 6 months to 6 years showed entero- 
virus infection. Polio type 2 and 3, echo types 7 and 19 were the 
predominant strains isolated so far. The antibody survey showed 
that about 90% of the population did not have normal antibodies 
against all the three polioviruses. 


Cholera: 


The Council has been deeply interested in all aspects of 
cholera research and has been supporting it during the last few 
decades. As part of the epidemiological studies, cholera carrier 
Studies have been carried out, since cholera carriers have been 
found to play an important role in the epidemiology of cholera. 
It was observed that cholera carriers existed in endemic communities 
even in the absence of overt disease. The prevalence of carriers in 
a community in the absence of a case may be about 1.5 per cent as 
revealed by single sampling. However, on repeated daily sampling 
for ten days or more, contacts of cholera patients showed a higher 
prevalence (24.2 per cent) and carriers were found to excrete vibrios 
intermittently for an average period of 6-15 days. Carriers were 
also found capable of transmitting infection to their contacts. 


Tetracycline was tried for mass chemoprophylaxis and though 
it reduced the duration of carrier states to an average of five days, 
it was not considered suitable for use in an endemic area because of 
the possibility of reinfection. 


Infectious Hepatitis : 


Studies on epidemiology of infectious hepatitis carried out by 
the National Institute of Communicable Disease, Delhi, indicated 
that all ages were equally affected so far as hospitalised cases were 
concerned but from field studies, 89°, of the cases were below 
20 years of age. 


Epidemiological investigations revealed that student nurses, 
attending on infectious hepatitis patients were exposed to higher risk 
of infection. 


Venereal Diseases : 


A serological survey to study the prevalence of syphilis and 
gonorrhoea was carried outin Trivandrum, Kerala. 3313 persons 
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attending the hospital were examined and an overall sero-positivity 
rate of 2.14 percent was observed. In a total of 1610 cases of 
cardiovascular syphilis admitted over a period of one year, 15 were 
found to be due to syphilis. 


A similar study carried out in Simla in the patients attending 
hospital, showed a positivity rate of STS as 13.8 per cent out of 2269 
persons examined. The maximum rate of sero-positivity has been 
found to be in the age-group of 41-60 years of age. The rates 
revealed that the disease is on the decline in Simla Hills. 


Leprosy: 


The Council has sponsored many studies on the epidemiology 
and treatment of leprosy. Large scale clinical and field trials on 
prophylactic treatment of leprosy with DDS are in progress in 
Wardha, and Chingleput, Madras. Thestudy at Wardha showed the 
incidence rates in the prophylaxis group as 0.24 (1967-68), 0.54 
(1968-69), 0.82 (1969-70) and 0.22 (1970-71), and in the control 
group the corresponding figures as 1.87 (1968-69), 1.28 (1969-70) and 
0.98 (1970-71). While chemotherapy has proved itself to be useful 
for treating patients, its value as a propbylatic still needs to be 
elucidated further. 


Dental Survey: 


An epidemiological survey on dental health was carried out 
in Punjab, Kerala and Madras under the sponsorship of the Council. 
In each region, both urban and rural population of five selected 
districts was studied for various oral and dental disorders with 
reference to age, sex, chewing habits, oral hygiene methods etc. <A 
large proportion of the surveyed population was found to be affected 
by periodontal disease, with its inception in early childhood and 
increasing in severity with advance inage. The prevalence was more 
in females than in males of both urban and rural population. 


An intensive survey of endemic fluorosis in the hyperendemic 
rural area of Punjab revealed a very high incidence of dental 
(44-81%) and skeletal (28-81%) fluorosis although no strict correlation 
could be established between these two manifestations of fluorosis. 
The men were observed to have more of crippling and neurological 
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fluorosis than women. The main factors determining fluoride toxicity 
were fluoride concentrations in drinking water and the period of 
exposure to the hazard. The minimum threshold of fluoride toxicity 
for dental conditions was found to be less than 1 ppm for Indian 
conditions, the optimum level being 0.5 to 0.6 ppm. Mottling of 


enamel was prevalent even in those areas where the water fluoride 
concentration was below 0.6 ppm. 


Silicosis : 


A study among stone cutters in Rohtak has thrown light on 
the fact that there is a gradually increasing prevalence of silicosis 
among stone cutters and there was an increase in the grade of the 
disease with the duration of employment. The risk of pulmonary 
tuberculosis was found to be increased two-fold in cases with 
radiological evidence of silicosis than those with such an evidence. 


Byssinosis : 


In a modern textile mill in Bombay, 286 workers were screened 
to study the prevalence of byssinosis. Radiological examination, 
pulmonary function tests, blood examination for eosinophilia, besides 
the routine investigations were carrid out on each worker. Byssinosis 
was suspected in 40 out of the 286 workers studied, the diagnosis 
being definite in 23 ofthem. In 17 workers, there was a suspicion 
of byssinosis which needed further study for confirmation. In a 
control group of 173 workers studied, there was no evidence of 
byssinosis. The investigation is still in progress. 


Mortality Studies : 


Perinatal mortality was investigated in 15,838 births at 
Safdarjung Hospital, New Delhi. The incidence was found to be 
80.9 per 1000 live births. Maternal haemorrhage, anaemia and 
toxaemia accounted for 60.5 per cent of perinatal deaths, and 
abnormal mode of delivery in 26.07 per cent. The rate was inversely 
proportional to the birth weight upto 3.5 kg. Autopsy done on 60.2 
per cent of perinatal deaths showed anoxia and congenital malfor- 
mations as the two main causes. Pneumonia and pulmonary 
baemorrhage was the common cause of early neonatal deaths, and 
not hyaline membrane disease which was common in other countries. 
The study is still in progress. 


ce 


In a follow-up study of pregnant women in arural area_ with 
no facilities for antenatal care, near Hyderabad city, a total of 117 
pregnant women were studied to determine the outcome of pregnancy, 
which was as presented in table 1. 


Table 1 


NO. OF CASES OF COMPLICATIONS IN PREGNANCY, HYDERABAD SURVEY 


No. of subjects 


Pregnant women followed-up 117 

Resumption of menstruation within 

14 weeks of pregnancy ? Abortion " 

Miscarriage during later half of pregnancy 2 

Cases of Angular Stomatitis 69 

Albuminia 5 

Oedema + Albuminia J 

Eclampsia 3 

Maternal mortality 2 (Eclampsia and Antepartum 
traemilyse) 

Stillbirths 9 

Livebirths 101 

Twins 2 Sets 

Congenital deformities in offspring 2 (1 Meningococle, 1 hare lip 


and cleft palate) 


From the above table, it could be seen that 84.6 per cent were 
live births, while abortions and miscarriages accounted for 7.7 per cent 
and still births formed the remaining 7.7 per cent. Out of the 117 
pregnancies, 2 maternal deaths occurred. 


In another follow up study of 855 pregnant women from the 
maternal and child health centres in Hyderabad city, the outcome of 
pregnancy was determined and it was observed that 91.5 per cent had 
fullterm normal deliveries, while abortions, miscarriages and stillbirths 
accounted for 5 per cent of total pregnancies. 1.5 per cent of the 
total were premature deliveries and about 2 per cent were caesarian 
deliveries. 
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A longitudinal study of morbidity and mortality pattern of 
1964 children under the age of five years in an urban community of 
Delhi was undertaken between 1962 and 1967. Analyses of morbidity 
and mortality data by sex, socio-economic status, environmental 
Sanitary background of the families, literacy level of the mother and 
the order of birth of the child were done. The findings are sum- 
marized in Table 2, From this table the influence of various factors 
on the incidence of morbidity and mortality of children is evident. 
There is a negative association between morbidity and mortality rates 
and socioeconomic status, type of house and education of mother 
but a positive association with order of birth. 


Concluding Observations 


Having reviewed the various research activities of the 
council, it will be in order to take stock of its contribution to the 
overall goal of improving the health of the nation and how the future 
activities of the Council can help in furthering this goal. The 
Council has indeed achieved its major objective, namely, promotion 
of medical and allied research in the country on aspects of causation, 
mode of spread, and prevention of disease. Its research activities 
utilize the tools of a wide spectrum of disciplines and cover fields of 
communicable diseases, nutrition, maternal and child health, 
reproductive biology, epidemiology and fertility control. These 
studies include both applied and clinical research and basic and 
fundamental research which can contribute towards the prevention as 
well as control of diseases and bring about further reductions in 
morbidity and mortality. 


There are three areas of research which call for greater 
attention in the coming years: 


1. Evaluative Studies, 
2. General Studies for Public Health Purposes, 


3. Studies on Special Aspects of Morbidity and Mortality. 
In the first group one may include pilot studies to determine the 
likely effects of a public health measure as well as studies to evaluate 
whether the implementation of a programme achieved the desired 
objective. Examples of such studies are those carried out to deter- 
mine the effect of an antimalarial drive on the crude death rate or the 
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INCIDENCE OF MORBIDITY AND 


Classification 


Sex 


Socio- 
economic 
status 


Type of 
house 


Education 
of mothers 


The level of 
literacy of 
mothers 


Order of 
birth 


Table 2 


YEARS OF AGE BY DIFFERENT CLASSIFICATIONS 


Number Months 


of 
Child- 
ren 
Male 1,018 
Female 946 
Total 1,964 
IV 840 
III 695 
II 335 
I 94 
Total 1,964 
IV 1,299 
Il 420 
II 112 
I 133 
Total 1,964 
Illiterate 1,345 
Literate 619 
Total 1,964 
Primary 320 
Middle 119 
Higher 
secondary 99 
University 
standard 81 
Total 619 
First 273 
Second 282 
Third oe 
Fourth 332 
Fifth and 
over 755 
Total 1,964 


MORBIDITY 
No. of 
episodes 
Number of sick- 
of of episo- ness deaths 
follow-up des of per year 
sickness of 
follow-up 
15,789 13,902 10.6 79 
14,517 12,615 10.4 96 
30,306 26,517 10.5 we) 
13,665 12,286 10.8 114 
10,079 8,886 10.6 48 
217 4,463 10.3 11 
1,345 882 7.9 2 
30,306 ZO; 10.5 175 
20,010 18,186 10.9 139 
6,663 5,947 10.7 29 
1,781 1,190 8.0 5 
1,852 1,194 Had 2 
30,306 26,517 10.5 175 
20,476 18,665 10.9 142 
9,830 7,852 9.6 33 
30,306 26,517 10.5 175 
sped, 4,582 10.3 20 
1,889 1,448 92 6 
1,358 960 Sua) 4 
1,254 862 8.2 3 
9,830 Toe 9.6 33 
3,826 22101 8.7 Pa 
4,062 S332 10.4 ne 
3,944 3,496 10.6 29 
4,592 4,129 10.8 31 
13,883 12,579 10.9 76 
30,306 26,517 10.5 ey 


MORTALITY OF CHILDREN UNDER FIVE 


MORTALITY 


No. of Percen- 


tage of 
deaths 


10.1 


13.6 


10.7 


10.5 
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introduction of triple vaccine on the infant death rate. In the 
developing countries, the improvement of health has been due to 
specific public health and medical measures as well as general 
improvements in levels of living. An evaluation of the relative 
contribution of these factors will enable the effective allocation of 
resources for different kinds of programmes. 


In the second group of studies one may include the studies 
which aim at determining the levels of morbidity and mortality in 
different geographic areas or sections of the population, and the 
contribution of medical and general factors to the variations in the 
rates of morbidity and mortality. For example, a national health 
Survey, or surveys to determine the prevalence of particular ailments 
will fall within this group. The third group of studies will be of a 
special nature and will concentrate on the etiology, mode of 
transmission and conditions facilitating prevention or early cure of 
specific ailments. Such studies may involve screening and follow-up 
and cannot be on large scale and is useful in studies of cancer, heart 
and lung diseases and occupational ailments. 


The broad classification of areas for future research is not 
meant to be exhaustive or mutually exclusive. The research work on 
any one of the above areas is bound to be complementary to each 
Other. It is hoped that during the Fifth Plan period the Council 
will be able to devote more attention to these research activities. 
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Public Health Aspects of Mortality 
Trends and Levelis* 


Alwyn Smith 


Sources and Quality of Mortality Statistics 


There are few societies in which individual death is not 
regarded as of public consequence. The event has usually a social, 
legal and religious significance which results in public notice being 
formally taken of it. In societies where formalized observances 
are usually or invariably associated with documentary records, a 
basis will clearly exist for at least an elementary statistical treatment 
of population mortality, and in at least a part of all member 
States of the World Health Organization some statistical mortality 
data are available. 


Informative analysis of such data will usually depend on 
comparisons of the load of mortality experienced by identifiably 
distinct populations categorizable by their spatial, temporal or 
other disposition. The minimum requirements for meaningful 
comparison will involve complete or representative enumeration of 
deaths in a population whose number can be established with 
reasonable accuracy. Useful mortality statistics therefore depend 
on complete or representative recording of occurrences of death 
among a population of known size. 


More informative mortality statistics will permit the cal- 
culation of death rates for definable time intervals and sub-popula- 
tions, the rates being specific for age, sex, and attributed cause, 
and, in ideal circumstances, for season, locality and other factors. 


* The views expressed inthis paper are not necessarily those of the 
World Health Organisation. The paper is reproduced by kind permission of 
the author and the World Health Organisation. 
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The sources of mortality statistics must therefore include 
sources of information on the circumstances of deaths as well as 
sources Of sufficiently accurate information on the population in 
which the deaths take place. The most valuable source of mor- 
tality data has been the statutory registration with medical certi- 
fication of cause of death and census-based estimates of population 
size and the population distribution by place, age, sex and time. 
Advanced systems of mortality statistics will additionally employ 
data on mortality before and during birth as well as on the popula- 
tion of births. Data of this kind exist for a part, if not the whole, 
of most countries, although the extent of national coverage and the 
duration of the historical sequence of data available vary very 
widely. 


Wherever statutory death registration is established, it 
should not be too difficult to record for each death, the date and 
place of occurrence and the age (possibly in broad groups), and 
the sex of the deceased person. Some kind of opinion on the casual 
circumstances is usually recordable although certification of the 
cause by a physician will only be usual in societies where death is 
usually accompanied by medical attendance. 


It is not always necessary to statutory death registration that 
the responsibility for registration be borne by the kin of the deceased. 
Death registration may be quite effective even in relatively poorly 
developed areas provided that the responsibility for registration can 
be vested in some individual able and willing to exercise it. 


In the absence of direct data on deaths as they occur, some 
countries have recourse to mortality estimation by indirect methods. 
These may include sample mortality surveys, and subtraction of age 
distribution derived from successive censuses. 


However, it is not always easy to obtain reliable data on the 
population age distribution and few countries have regular censuses 
at intervals of less than ten years. The lack of good population data 
may reduce the value of the data derived from death registration, 
particularly where migration complicates the estimation of population 
in the intercensual intervals. 
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There is little doubt that mortality data are best derived from 
routine registration of all deaths and are best analysed in terms of 
population data based on regular censuses. The fundamental need 
is to be able to compute annual mortality rates specific for sex and 
age for each distinct area of public health interest. If age cannot be 
obtained in accurate numerical terms, it may nevertheless be valuable 
to have the data in broad age groups in which it is possible to 
distinguish the ranges 0, 1-4, 5-14, 15-44, and 45 and over. 


Provided that equivalent population data are also available, 
it is useful to be able to distribute deaths by marital status, urban or 
rural residence, social or economic status, place of death (hospital, 
etc.), and—for countries where migration is important—place of 
birth. Where it is possible to obtain useful opinions on the cause of 
death, this is also an important item of information. More detailed 
information which is worth collecting where it is possible includes the 
duration of the terminal illness, the basis for the opinion as to cause 
of death, the number of dependants left by the deceased, details of 
birth registration of the deceased, the occupation of the deceased 
and, in some countries, his ethnic group. For deaths occurring 
before, during or shortly after birth, it is useful to record birth weight 
and duration of gestation. A complete list of desirable items may be 
found on page 114 of the United Nations publication Handbook of 
Vital Statistics Methods. 


The sources of the basic information will usually include the 
registrar of deaths, the registrant (usually next of kin of deceased) 
and the medical attendant or institution able to supply medical data. 
The kind of information it is useful to: attempt to record will be 
determined by these basic sources. 


Public Health Applications of Mortality Statistics 


Mortality statistics are a particular example of morbidity 
statistics. They relate to morbidity of extreme severity and have a 
number of important advantages over other kinds of morbidity data. 
First, death is unambiguous and, at least in statistical applications, 
has no need of definition. Second, the event is easily referred to a 
defined place and time. Third, each person experiences death only 
once and there can be no confusion between ‘‘event-oriented” and 
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*“‘person-oriented” statistics. Fourth, the occurrence of death is 
unlikely to be often concealed or overlooked; mortality statistics are 
quite commonly complete. Fifth, there can be no argument about 


the importance of an episode of illness defined as terminating in 
death. 


There are, of course, a number of disadvantages. Mortality 
statistics do not relate to all episodes of illness nor even to all 
episodes of any particular kind of illness since few diseases have a 
fatality rate of 100 per cent. They are clearly unsuitable asa means 
of estimating the population load in respect of illnesses which are 
commonly chronic, recurrent or rarely fatal. There are frequently 
intractable problems in the attribution of death to particular disease 
causes; in the developed countries a relatively small proportion of 
deaths can be confidently attributed to a single underlying cause. 
Nevertheless, the most effective remedy for each of these disadvant- 
ages is augmentation of mortality data by morbidity data rather than 
replacement. 


Mortality statistics, because of their unambiguity, complete- 
ness and general availability, remain the most sensitive index of 
variations in the level of health of populations and provide a clear 
basis for hypotheses concerning the determinants of variation, which 
may be tested by appropriate means. Their informativeness depends 
first upon their completeness and second on the analysis made of 
them. 


The advantages of mortality statistics over other forms of 
morbidity statistics is, however, mainly that they exist on a much 
more widespread scale throughout the countries of the world. They 
are used to define the principal problems confronting health services, 
to monitor the efficacy of health programmes, to warn of impending 
changes in the patterns of morbidity and as a basis for predicting the 
longer-term problems of public health. 


There are respects in which each of these functions can be 
enhanced in effectiveness by increasing elaboration of the available 
related data, and there are increasingly public health problems of 
importance which mortality data do not illuminate at all (e.g. 
developmental disorders in children, narcotic addiction, sickness 


241 


absence in industry). It is, however, still unusual for any important 
examination of public health issues to dispense wholly with mortality 
data. 


Analysis of General Mortality 


Most countries of the world have enjoyed a period of sharply 
falling crude death rates for at least a part of the last 150 years. In 
general, the countries who were first to show a falling death rate 
experienced a slower rate of fall and these countries have experienced 
a check in the rate of decline (or in some cases a slight rise) in more 
recent years. Countries whose rates began to fall later, experienced 
a sharper fall. The rate of fall has usually been very different at 
different ages—being generally maximal in the age-range 5-34 years 
and beginning earlier at those ages. Mortality at later ages has 
fallen less in most countries and in some it has risen in recent years. 


The effect of these changes is different in the short term from 
that in the long term and is influenced by the concurrent levels and 
trends in levels of the birth rate. _ Initially, the main effect must be 
to increase population size and to shift the age distribution in the 
direction of the younger ages for so long as the birth rate remains 
high. If the birth rate then begins to fall—as happend in most of the 
countries whose mortality decline began early—population growth is 
‘slowed and the age distribution begins to favour the older ages. 


Although a decline in mortality has been an almost universal 
experience, the background to the decline has been somewhat 
different in different countries. For example. in England and Wales, 
where mortality began to fall quite early, the contribution of specific 
health and medical measures must have been negligible for the first 
100 years, and the early decline must be attributed mainly to 
improvements in the standard of living and especially in the stability 
of the available nutrition. In many of the countries with recent 
sharp declines in mortality, the causes must be much more 
substantially related to specific health and medical care and the 
declines have been achieved in spite of relatively small improvements 
in nutritional availability. In more recent years, in the developed 
countries, the decline in mortality has spread into the very early 
years of life and has been maintained well in childhood and early 
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adult life, although the decline has not been maintained in later life. 
It is difficult to predict the likely effect of a continued spread of 
medical care within the developing countries in the probable absence 
of a substantial increase in available food supplies and with the 
possible continuation of high birth rates. 


For these and other reasons, comparisons between countries 
at one time or between periods in the history of a single country may 
be misleading if based on the crude death rate. Mortality is far 
more dependent upon age than upon any other identifiable attribute 
Of a population and mortality indices that are independent of the age 
Structure of the population are desirable. Of the many such indices 
available, the expectation of life at birth is commonly used although 
its name is rather misleading. Unfortunately, calculation of this (or 
of any other age-independent index) calls for data which are not 
often available in developing countries. 


Although historical trends in mortality can be examined for 
only a few countries in respect of age-independent indices—or indeed 
at all—current mortality data can be compared quite extensively on 
an international basis. The comparison may be even more extensive 
if crude death rates are accepted since these are almost universally 
available. The observable range is large, particularly when it is 
remembered that crude death rates will vary less than age-independent 
indices since the countries with more favourable mortality experience 
have usually an appreciably older population. Variation is quite 
clearly related to levels of social and economic development and 
very much less to differences of climate and geography. 


It is not necessary to have access to data on causes of death 
to offer some interpretation of such historical and international data 
as are available. Before the present century, there were no medical 
measures capable of influencing the fatality of diseases to more than 
a trivial extent. Until the last twenty years of the last century, no 
specific preventive measures has been applied to any large population 
on a scale likely to have had any effect. The decline in mortality 
observed during the nineteenth century must therefore be attributed 
mainly to general improvements in the environments which may 
have affected both the general disposition to contract diseases and the 
general capacity to survive them. From what we know of social 
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changes during this period, we are forced to conclude that the most 
important elements in these changes were the improved nutritional 
standard of the population and perhaps an improved standard of 
child care associated with rising aspirations and falling birth rates. 


Since the decline in mortality began earliest in children and 
young adults and since there are good grounds for accepting that it 
was largely due to a decline in mortality from infectious diseases, of 
which tuberculosis was the most important, we may safely conclude 
that environmental changes were incomparably more important than 
any changes in the disease-resisting capabilities of the human species. 
Because infectious disease has been an important source of mortality 
in young people since human beings first began to live in social 
aggregates, the species is likely to have developed a fairly substantial 
capacity to resist it before the present decline began. 


In the present century, our capacity to modify resistance to 
infection has been further enhanced by prophylactic and therapeutic 
innovations which have been added to measures for the interruption 
of the transmission of infective agents. These developments will 
have reduced the selection pressure in favour of resistance to infec- 
tion and it is likely that the inherited capacity of our species to resist 
infection has diminished rather than increased. In passing, it may 
be noted that an effect of these developments will be to increase the 
proportion, in the older population, of individuals with a lower 
resistance to infection. This may bea contributory factor in the 
recently observed retardation of the mortality decline in the older 
age groups in some developed countries. . 


If the genetic resistance of the human species to infection was 
acquired to any extent by selection in favour of resistance during the 
reproductive or pre-reproductive phase of life, and at the expense of 
a liability to degenerative and neoplastic diseases in later life, the 
failure of environmental changes to modify experience of these 
latter diseases becomes more readily explicable. This may also help 
to explain our relative lack of success in devising prophylactic or 
therapeutic procedures for the latter diseases compared with the 
infectious diseases in respect of which genetically determined 
mechanisms were available for harnessing Or augmenting. 
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The mortality experience of the human species during the past 
150 years may be summarized as a substantial and widespread 
decline, due predominantly to technical innovations which began by 
effecting general improvements in living standards in a few countries 
and later led to specific health-promoting procedures which have 
been quite widely applied. The effect of these general and specific 
changes has been very largely confined to aspects of mortality where 
genetic characteristics of the human species have been favourable to 
their operation. In many areas, the decline has proceeded so far 
that a continuation cannot be expected without the introduction of 
some new factor or factors capable of modifying our resistance toa 
quite different range of disease experience. There is also the danger 
that the presently established trend may be self-limiting if the conse- 
quent population expansion is not countered either by falling birth 
rates, increased food production or both together. 


Special Studies in Mortality 


Infant mortality: 


The study of infant mortality has been considered especially 
important for several quite different reasons. First its contribution 
to the expectation of life is great both because it is early and because 
it is high. Second, the causes of infant mortality are largely dis- 
tinct from those that operate at other ages. Third, infant morta- 
lity remained intractable long after mortality in the remainder of 
childhood had declined substantially. Fourth, infant mortality has 
generally been conceded to reflect quite closely the prevalent 
standard of living. 


In the developed countries, infant mortality has fallen 
fairly steadily during the present century. The postneonatal com- 
ponent (after the first 28 days) has generally fallen much more 
quickly than the neonatal (the first 28 days). The relative level of 
these components provides an index of environmental standards 
on an international scale and as between identifiable sub-groups of 
a population of births. The causes operating in the postneonatal 
period stem largely from the postnatal environment while those 
of the neonatal period reflect the hazards of the prenatal and intra- 
natal periods and the occurrence of early developmental accidents. 
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The differences between neonatal and postneonatal infant 
mortality are demonstrated by the very much greater association of 
the latter with social class although both exhibit a well marked 
association. Historical data generally demonstrate that the associa- 
tion with social class has been relatively unaltered by the general 
reduction in mortality and class differences remain substantial in 
most countries. 


Associations are usually also demonstrable with maternal 
age and with birth order. The sharp association with birth order 
is almost entirely confined to infant mortality from infectious dis- 
eases but the association is particularly marked in poorer areas 
where an inverse association with maternal age is also marked. 
In Birmingham in 1947 the overall infant mortality was 35 per 
1,000 but that for the fourth or later children to mothers under 
25 was 98. The overall rate from infections was 14 per 1,000 
but for fourth or later born children to young mothers in the 
poorest wards of the city it was over 80. Infant mortality from 
infection, particularly of the respiratory and gastro-intestinal tracts, 
is still a major component of human mortality in the socio- 
economically less favoured populations. 


Infant mortality has recently shown some retardation of its 
decline, particularly in the developed countries. The extent to 
which this is attributable to a residuum of currently untreatable 
conditions is arguable, but in countries where the infant mortality 
rate is below 15 per 1,000, it is certainly the case that the causes 
are predominantly prenatally or intranatally determined. 


Perinatal mortality : 


No international definition of perinatal mortality exists but 
it is usual to define the perinatal mortality rate as the number of 
deaths in the first seven days of life plus the number of late foetal 
deaths (stillbirths) divided by the total number of births (live and 
still). In many studies of perinatal mortality a somewhat wider 
definition has been employed and late foetal deaths plus all 
neonatal deaths have been included. 


Two distinct reasons exist for combining prenatal and postnatal 
deaths in this way. First, the legal definitions, and administrative 
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procedures of the various countries differ in such a way as 
to make either category difficult to compare on its own. Second, 
the causes of death at this period of life are substantially the same 
whether death takes place before, during or shortly after birth. 


Perinatal mortality accounts for a large part of all mortality 
particularly in the developed countries. In most of the countries of 
Europe, perinatal deaths outnumber deaths in the next thirty years 
of life and in some countries the next forty years. The certified 
causes include congenital malformations, birth injuries, asphyxia 
and neonatal infections but in most countries the circumstances most 
associated with perinatal mortality are the social class of the parents 
and the maturity of the infant at birth. Social class variations are 
such that in Scotland, if all births enjoyed the perinatal mortality of 
births to parents in social class I (the most favoured), more than 
twice as many lives would be saved as are lost in road accidents and 
more years of human life than are lost from all forms of cancer. 
Although social class seems less important in some studies its general 
importance seems undeniable. 


The association of mortality with maturity at birth has 
prompted much research into the determinants of foetal growth rates 
and the duration of gestation. It is clear that much immaturity 
arises from normal variation in these two attributes but there is 
evidence of a discrete group of adventitious factors which affect 
them abnormally. 


Perinatal mortality results from hazards of the prenatal and 
intranatal environment and to some extent from accidents of 
gametogenesis Or embryogenesis. Transmitted hereditary defect is 
unlikely to be a common cause since there must be intense selection 
against the relevant genotypes. The relevant environment may be 
considered under three distinct heads: abnormalities of the maternal 
reproductive tract, hostile influences capable of crossing the placental 
barrier and abnormalities of the birth process. None is easy to 
investigate, and aside from obvious influences, such as errors of 
implantation, maternally ingested drugs or viruses, and major 
obstetric catastrophes, we are largely ignorant of their detailed 
nature. However, the association of nearly all causes of perinatal 
mortality with parental social circumstances, and the association of 
most causes with one or more of such factors as maternal age, season 
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of birth, place of delivery, duration of antenatal care, suggests very 
strongly that the immediate environment of the mother is of great 
importance in determining the perinatal survival of her child. 


Early foetal mortality: 


At least 15 per cent of all human individuals die before they 
have reached the twenty-eight week of prenatal life. Although some 
of this mortality is deliberately induced, either with or without legal 
or moral sanction, a considerable mortality at this period must be 
attributed to ‘“‘natural causes”. It has nevertheless attracted very 
little attention. Most studies of aborted foetuses have been directed 
more towards understanding normal and abnormal development than 
towards preventing foetal or embryonic death. In fact, spontaneous 
abortion is often thought of as a mechanism for the disposal of the 
results of gross developmental accidents. 


The principal difficulties in the way of population studies of 
early foetal mortality are those of access to complete or representative 
data. Few countries have systems of registration and even where 
such systems exist, default is probably common. In addition, very 
early abortions may be associated with little disturbance of menstrual 
rhythm and many therefore escape detection. Nevertheless, the 
Study of spontaneous foetal death at ages earlier than twenty-eight 
weeks would be valuable now that obstetric technique has begun to 
permit survival of such early foetuses in appreciable numbers. It 
seems likely that before very long, these techniques will have 
advanced to the point where early evacuation of the uterus need not 
be associated with foetal death and therapeutic termination of preg- 
nancy will be compatible with foetal survival. Aside from the moral 
issues that this will raise, there will be a number of important 
questions related to early disease experience and fatality. The possi- 
bility of extra-uterine foetal survival is likely to make termination of 
pregnancy more acceptable and therefore more common. 


Maternal mortality: 


Maternal mortality remains substantial in many parts of the 
world despite its having fallen to trivial levels in the most favoured 
countries. It is important because it necessarily represents a loss of 
young adults and because of the social effects on the bereaved families 
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that are left. It is also important because the experience of developed 
countries demonstrates that it is substantially preventable. 


Maternal mortality rates (deaths from deliveries or compli- 
cations of pregnancy, childbirth and the puerperium divided by 
the number of live births) vary very widely throughout the world 
but have generally been declining. In 1960, rates varid from 30 per 
100,000 in Denmark to 303 in Ceylon, while figures for the same 
countries in 1950-52 were 72 and 571. Inrecent years, the decline 
has generally been most marked in the countries with the highest 
rates—presumably a reflection of the greater proportion that are 
currently preventable in the countries with the higher rates. Countries 
with rates around 30 per 100,000 usually find that a large proportion 
of the deaths are attributable to sudden and unheralded conditions 
such as amniotic embolism. 


In the world as a whole, the largest group of causes is the 
Toxaemias (A116) which account for nearly one-fifth of all maternal 
deaths. Although the cause of toxaemia remains essentially obscure, 
its effects can be very substantially modified if diagnosis is made 
early and prompt action is taken. Maternal mortality from toxaemia 
therefore reflects poor levels of prenatal care. 


Haemorrhage (A117) accounts for nearly as many deaths as_ 
toxaemia. The extent to which mortality from this group of causes 
is preventable is demonstrated by the very wide variations between 
different countries, there being a more than tenfold difference 
between the highest and the lowest rates. 


Sepsis (A115) also shows a wide variation in mortality levels 
and accounts for about 10 per cent of all maternal mortality. This 
group of causes also reflects the quality of available obstetric care. 


The residual group of other and undifferentiated causes (A120) 
accounts for more than a third of maternal mortality in the world 
as a whole. This group of causes show a clear association with 
advancing maternal age and a tenfold variation between the countries 
with the best and the worst rates. 


In the world as a whole, the problem posed by maternal 
mortality is principally one of applying existing obstetric knowledge 
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rather than of developing new skills. It is a question mainly of 
trained human resources and of how they can be provided and 
deployed. 


Maternal age and birth order: 


The mortality of mothers and of their offspring is related in 
a complex way to maternal age and parity of birth order. Reference 
has already been made to the sharp association of infant mortality 
from infection with birth order, and in the poorer socio-economic 
circumstances, with younger maternal age. Stillbirth rates are 
generally associated with advancing maternal age at any birth order 
and in a U-shaped way with birth order et any maternal age. Mater- 
nal mortality rises with advancing age. 


The association with maternal age and birth order of the 
individual causes of mortality as well as some commonly non-fatal 
conditions demonstrates that these attributes are indices related to 
a wide variety of environmental influences. Generally, prenatally 
determined mortality rises with advancing maternal age, is higher 
in first and in fourth or subsequent pregnancies. Postnatally deter- 
mined mortality is generally lower at later ages and at earlier birth 
Orders. The patterns are complicated by the correlation of maternal 
age and birth order, of both, with social class, and of maternal 
age with multiple pregnancy, Paternal age seems relatively insigni- 
ficant as an independent influence. 


In relation to maternal age the various adverse influences 
largely balance each other and that there is no basis for selection 
of an optimal age within the normal age range. Indeed the 
optimal maternal age to reproduction seems to be the age that is 
most convenient and acceptable to the mother. 


On the other hand, the marked association of infant 
mortality and the lesser association of perinatal mortality with 
birth order, especially with orders higher than the fourth, indicates 
the desirability of providing special attention for multiparous 
mothers and their children. In addition the combination of late 
birth order and relatively young maternal age is associated with 
a high infant mortality especially when this occurs in adverse 
social and economic circumstances. 
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Several important causes of reproductive wastage are 
sharply associated with maternal age or birth order. Down's 
syndrome, which has a high fatality, approximately doubles in 
incidence for each five year increase in maternal age. No other 
abnormality is known to be so sharply related to maternal age 
but Klinefelter’s syndrome—another trisomic condition—shows a 
clear association and it may be that some other forms of aneuploidy 
are similarly associated. 


Anencephaly is an important cause of stillbirth whose inci- 
dence is related independently to maternal age and birth order. 
Its association with these variables as well as with season and its 
secular fluctuations strongly suggest a causal factor in the maternal 
environment. 


Haemolytic disease of the newborn, due to incompatibility 
of maternal and foetal red cell antigens, shows a pronounced 
relationship to birth order arising from the usual need of an earlier 
pregnancy to evoke maternal antibodies. 


An important aspect of maternal age and birth order is 
that they are easily recorded and help to identify ‘‘at risk’’ preg- 
nancies in relation to maternal, foetal and infant mortality. They 
are also indicators of the presence of hazardous influences in either 
the prenatal or postnatal environment. 


Occupational and socio-economic variations: 


Study of the risks associated with particular occupations 
probably necessitates longitudinal studies of morbidity occurrence 
rather than analysis of national mortality data. Occupational 
mobility may invalidate unqualified inferences drawn from data 
on the occupation at the time of death. Nevertheless, if due regard 
is paid to this and to other difficulties, occupational mortality data 
may yield valuable hypotheses about the effect of occupations and 
their associated social context on the development of disease. For 
example, there are many occupations into which it is unusual to 
enter shortly before death and many in which mobility is limited. 
Similarly, it is unusual to be able to transfer to an occupation of 
a higher status or salary in consequence of a disability. Disability 
is much more likely to be involved with occpational mobility in the 
opposite sense. 
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Occupational mortality analysis required that age and 
occupation be recorded in respect of all deaths and that the numbers 
and age distribution of the related occupational populations be 
available. Such latter data are usually only available at around the 
time of censuses of the population. A difficulty is that occupational 
data from censuses derive mostly from the occupied persons where- 
as the related data on deceased persons derive necessarily from 
Others. The lack of identity of source for the two sets of data may 
distort comparisons if too specific an occupational analysis is made. 


The considerable differences in the age distribution of the per- 
sonnel in different occupations necessitates the use of age independent 
indices in comparing the mortality of large numbers of occupations. 
The Standardised Mortality Ratio is to be preferred from among the 
various available indices since it is equivalent toa maximum likeli- 
hood estimator. It also has the advantage that it expresses mortality 
in each occupation as a percentage of overall mortality when age has 
been allowed for and is thus immediately meaningful in many practi- 
cal contexts. 


Study of occupational mortality data has been quite fruitful. 
So far as individual occupational hazards are concerned, the 
occurrence of skin tumours from lubricating oils and bladder 
tumours in various chemical industries are among many examples of 
important discoveries that have been based on occupational mortality 
data. 


The mortality hazards associated with an occupation may 
stem from many aspects of the particular employment. They may 
arise from the work itself, from the regions in which it is pursued, or 
from the socio-economic concomitants. In some cases, occupational 
drift may account for an occupation that recruits substantially from 
those disabled by chronic illness showing a high mortality from 
chronically disabling disease (e. g. piano-tuners, car park and lift 
attendants). 


In the United Kingdom. a classification of occupations has 
been used throughout most of the present century which permits the 
distinction of five ‘‘social classes’? based on occupation. These are 
ranked in socio-economic terms so that class I represents the 
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professional and managerial class, class III the skilled workers and 
class V, unskilled workers, while classes II and IV are intermediate 
classes. There is a difficulty in constructing such classifications be- 
cause knowledge of mortality experiences may influence the classifi- 
cation, and analyses would have an element of circularity in them. 
To counter these and other difficulties, there has been developed in 
France a classification based on type of work, status in the work and 
type of industry. The groups thus produced are more numerous and 
cannot easily be socially ranked but they exhibit considerable internal 
homogeneity. The ECE have recommended a set of groups based on 
this system. 


Study of social class variation in mortality has been immensely 
productive of testable hypotheses which have led to substantial 
additions to medical knowledge. For example, much of our under- 
standing of the aetiology of coronary artery disease has derived from 
Original observations on the social distribution of its mortality. 


Urban-rural variation: 


Urban-rural differences in mortality present a complex but 
rewarding subject at the intranational level but are at present 
prohibitively difficult to interpret on the international scale. Although 
mortality in the most developed countries is generally higher in the 
urban areas than the rural, this is not true for all causes or at all 
ages (for example, infant mortality is often higher in rural areas) and 
itis often quite untrue for the general mortality of developing 
countries. Urban-rural differences arise from differences in physical 
environment, occupational differences, economic and social differences 
and differences in the availability of medical care and nutrition. The 
direction of differences of these kinds depends on climate, geography 
and the prevalent levels of social and economic development. 


An important problem in the study of urban-rural differences 
is posed by the possible differences in the quality of certification in 
urban and rural areas which may arise from differences in the 
available quality of medical care. 


Marital state: 


In general, married persons experience more favourable 
mortality rates than single persons and this is true for both sexes and 
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all ages. The widowed and divorced have usually the highest 
mortality of all. Part of the worse mortality of single persons is 
doubtless attributable to the fact that sufferers from poor health are 
less likely to marry. In England and Wales, mortality from tuber- 
culosis, rheumatic heart disease and poliomyelitis is higher in single 
persons and the effect of these conditions on the likelihood of 
marriage is the probable explanation. 


Other diseases which are commoner in single persons are less 
likely to be due to marriage selection, for example, cancer of the 
breast and ovaries in women and of the prostate in men. 


A disease that is commoner in married women than in single 
and in widowed and divorces more than in married is cancer of the 
uterine cervix. This disease is more common in women who have 
been married more than once and is more common in women whose 
sexual initiation was early. The likelihood that its occurrence is 
directly related to sexual activity seems very high. 


The generally more favourable mortality experience of the 
married may stem partly from the stability of nutrition and other 
habits and partly from the better opportunities for following medical 
advice in case of illness. In countries with high maternal mortality 
rates (which usually also have high fertility rates), the mortality 
advantages of marriage may be offset for women in the child-bearing 
age. In some countries, the female mortality associated with repro- 
duction is sufficient to offset the generally higher male mortality from 
all causes. The age at which women achieve numerical equality 
with male (there are more males at birth in all countries) is an indi- 
cator of the safety of reproduction for females and the age at 
equality may be very late in some developing countries. 


Mortality is raised in the recently bereaved and this accounts 
partly for the high mortality rates of the widowed. This pheno- 
menon is interesting and has been very little investigated. It is of 
interest that the admission rate to mental hospitals for widowed 
persons is raised in some countries and this is more marked in those 
who are widowed young. The effect is most marked in respect of 
admissions for alcoholism in males and for depression in females. 
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Data are rarely available on the extent of bereavement and the 
number of dependants left by deceased. In many countries, data on 
the numbers of widows and orphans produced by current mortality 
would be valuable in relation to the development of social policies. 


There has also been very little analysis of cause of death by marital 
state. 


Causes of mortality: 


Although the underlying cause of death may seem an arbitrary 
and often unreliable piece of information to abstract from the records 
of a deceased person, the analysis of data on these causes has proved 
remarkably useful when due regard has been paid to their limitations. 
The distribution of mortality by cause varies very considerably by 
age, sex and country. Although the ease with which causes of death 
may be established also varies with at least age and country and is 
dependent to a large extent on the quality of available medical care, 
it is likely that a large part of the variation arises from real variations 
in morbidity experience. 


The United Nations Population Bulletin (No. 6, 1963) has 
proposed that the available classified data on causes of death might 
usefully oe grouped into five main categories: infectious and 
parasitic diseases; cancer; cardiovascular disease and bronchitis 
at ages above five years; violence; and other causes. 


As has already been discussed, mortality from infections has 
been most responsive to the genera] and specific environmental 
changes that have spread throughout a large part of the world in the 
past 150 to 200 years. The enormous majority of mortality from 
infection is now preventable and the problems of its prevention are 
problems of the disposition of resources. A few important infectious 
diseases remain intractable and a world-wide vigilance is needed to 
contain them. 


Cancer is a term embracing a range of conditions of diverse 
aetiology and behaviour which have in common a disorderly 
proliferation of tissues which threatens the life of their host. 
Although most forms of cancer exhibit a marked association of 
incidence with advancing age, cancer is now—after accidents—the 
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most important cause of death in children in most developed 
countries. The basic pathological process in most forms of cancer 
is essentially an accidental derangement of cell division whose 
probability of occurrence may be affected by environmental influences. 
As a result of studies often initiated by examination of mortality 
data, many of these influences have been identified and the related 
forms of cancer substantially diminished in frequency by appropriate 
means of environmental control. In the most important case, that 
of lung cancer, the relevant environmental influence has been clearly 
identified but a socially acceptable means of controlling exposure to 
it is still beyond our capabilities. Asa result, lung cancer is almost 
the only important form of cancer from which mortality is increasing 
although even for this site the death rates are lower for recent 
generations in some countries. The treatment of established cases 
has improved somewhat for most forms of cancer during the past 
twenty years. For Some sites, the improvement has been marked, 
while in others it has been depressingly small. There is reason to 
believe that for most sites, a means of earlier diagnosis would be 
valuable in the further improvement of the results of treatment. 


Heart and Jung diseases are closely related in that pulmonary 
embarrassment is a common, fatal end result of chronic heart disease 
and heart failure frequently complicates the final stages of chronic 
obstructive lung disease. In the developed countries, the trend in 
mortality from cardiovascular and lung disease may be summarized 
as a marked fall during the past fifty years at ages up to 44 years, 
largely stable rates in the age range 45-64 years and slightly rising 
rates at ages Over 65 years. Certified causes show a fall in the 
mortality from rheumatic heart disease which seems to account for 
the falling rates at younger ages, and a remarkable increase in 
arteriosclerotic heart disease, especially in later life. There are very 
good reasons for regarding the decline in mortality ascribed to 
rheumatic heart disease as real—the disease is now rarely encountered 
in children and young adults in the developed countries and 
congenital heart disease is now relatively much commoner in these 
age groups—but the rise in mortality from arteriosclerotic heart 
disease, and particularly from coronary thrombosis, has often been 
attributed to changes in diagnostic fashion or diagnostic techniques. 
Evidence from sources other than mortality statistics suggests that 
coronary artery disease is commoner than it was formerly in 
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developed countries and much commoner than in the developing 
countries at the present time. Although there is now a wealth of evi- 
dence relating to the aetiology of coronary artery disease, it cannot 
be said that this evidence has permitted a clearer account to be given 
of the pathogenesis of the disease or of the reasons for variations in 
its reported frequency in different populations and at different times. 


Mortality from other heart and lung disease has not shown 
any consistent tendency to decline but since such disease represents a 
residual category in mortality certification, it has been subject to the 
effects of changing diagnostic practices in relation to other forms of 
heart and lung disease. 


Mortality from violence is probably less influenced by trends 
in diagnostic fashion or precision than that of any other causal group. 
Although distinctions between the components of the category of 
violence may reflect national and secular variation in custom, culture 
and administrative practice, the total category is difficult to confuse 
with other causes of death. 


In countries with long historical series of data, there is little 
evidence of any change in the over all mortality from violence. 
There is some small movement between the components of violence, 
and automobile accidents became an increasingly important cause of 
death during the first thirty years of the century, although in most 
developed countries mortality from this cause has increased relatively 
little in more recent years. Suicide is more commonly reported as a 
cause of death than formerly and rates show a tendency to be higher 
in developed countries. Much of the variation in reported mortality 
from this cause is undoubtedly due to variation in administrative and 
legal practice. Several studies have shown that in the United King- 
dom, for example, many deaths are not officially assigned to this 
cause even where the medical attendant would privately so assign 
them. 


Mortality from war is an important category within the group 
of violence. There seems no evidence that we may expect a general 
decline in mortality from this cause. 


Mortality from all other causes has shown a general decline— 
partly because of the increasing tendency of confident assignment of 
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deaths to the main groups of causes and partly because the group 
includes a range of conditions which are influenced by general social 
and environmental conditions in the way that infections are. The 
most marked changes have occurred at the younger ages and in the 
more developed countries. 


Among the disease categories worthy of special comment are 
malaria, tuberculosis and helminthiasis which together must account 
for the substantial majority of the world’s ill-health among children 
and young adults. In association with precarious or inadequate 
nutritional levels these three diseases must account for an enormous 
part of the variation in expectation of life. Malaria is essentially 
controllable if not eradicable, and relatively inexpensive to deal with. 
Helminthiasis may become less important as technical developments 
in waste disposal become more widespread and urbanization develops. 
Tuberculosis is expensive to deal with but its major decline in the 
developed countries, well before any medically based preventive or 
therapeutic measures were available to deal with it, gives grounds for 
long term optimism. Malnutrition is clearly a much more difficult 
problem involving the need not only for increased world food 
production but also for much better facilities for the distribution of 
food throughout the world. Not only do local famines and _ local 
surpluses co-exist in different part of the world but undernutrition 
and overnutrition simultaneously account for a large part of the 
world’s mortality in different areas. 


Methods in Mortality Statistics 
Cause of death: 


The medical certification of cause of death has, for its original 
basis, the social need to distinguish death by ‘“‘natural causes’ from 
death by ‘‘epidemic”’ diseases or by criminal action. The develop- 
ment of epidemiological studies based on statistics of cause of death 
has led to an increasing sophistication of the concept of cause of 
death and to elaborate methods for determining the appropriate 
diagnostic attributions and to classifying the resulting information 
in a meaningful and comparable way. 


The international certificate of cause of death, which is widely 
used in many countries of the world, seeks to elucidate the fatal 
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sequence of morbid events and to identify a single pathological 
process as the initiator of the sequence. It also permits the possibility 
of recording the presence of other contributory diseases not involved 
in the “‘fatal sequence”. As adapted for use in some countries, the 
certificate includes a record of the basis of the opinion on causes 
(e. g. whether based on autopsy) and if suitably analysed this item 
may permit evaluation of diagnostic data. 


Nevertheless, the concepts of a ‘fatal sequence” and of an 
“underlying cause” of death are beginning to lose their relevance as 
it becomes clearer that death is frequently not easily attributable to 
an orderly sequence of events. In the developed countries parti- 
cularly, death is relatively uncommon after the first twenty-eight 
days of life and before the seventh decade. Outside these limits, 
multiple pathological processes are common and it is difficult or 
possibly meaningless to describe their collective contribution to death 
in terms of a fatal sequence initiated by an underlying cause. 


For this reason, and to make maximum use of data recorded 
on death certificates, various systems have been proposed for coding 
and tabulating multiple causes of death. 


The features of a multiple cause analysis are several. First, it 
should be possible to rearrange the recorded diagnostic data on 
certificates so as to remove the difficulty that any actual certified 
sequence may represent no more than the opinion or even whim of a 
certifier. National or other beliefs about the relative importances 
of, or detailed relationships between, diseases currently complicate 
international comparability of mortality data. Second, it should be 
possible to examine the occurrence of combinations of conditions 
other than the relatively few which the use of the ICD ‘‘combination 
categories’ permits. Third, it should be possible, for countries 
where it is useful or desirable, to select readily the principal or under- 
lying cause of death. Fourth, there should exist an appropriate 
international classification which accommodates the kind of 
diagnostic data that is relevant to multiple cause analysis and, fifth,, 
there should be an international certificate of cause of death capable 
of use in these applications. 


It is, first of all, necessary to distinguish between underlying 
disease processes and their complications or clinical manifestations, 
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and between conditions believed by the certifier to have contributed 
to the death and conditions merely known to have been present at 
the time. Multiple cause analysis would be simpler if conditions not 
believed to have beeen involved in the death were omitted but it may 
be argued that their exclusion would be arbitrary and would imply 
more understanding of the disease circumstances surrounding death 
than is commonly justifiable. 


The recording on a suitably designed death certificate of the 
relevant diagnostic data in a way which would be consonant with 
these requirements presents several difficulties. For example, the 
terms “‘meningococcal meningitis’, “‘rheumatic endocarditis” or 
hypertensive heart disease’? confound, in each case, an underiying 
disease process witha particular clinical manifestation or complication 
capable of independent or other causation, although it would usually 
seem absurd to the certifier to record these separately as though their 
specific relationship could not validly be assumed. The separation 
of underlying process from clinical (or other) manifestation could 
not easily be performed during the disease-ceding process. A certi- 
ficate which called for the separate recording of underlying processes 
and particular manifestations would pose problems in relation 
to conditions such as ‘“‘perforated gastric ulcer”, ‘‘subdural 
haematoma’’, ‘‘status asthmaticus’’ or even ‘‘carcinoma of the 
bronchus’. Research and study of these problems is urgently 
needed and the experimental and developmental work currently 
proceeding in the vital statistics offices of several countries is to be 
encouraged. If, as seems likely, the present form of certificate has 
outlived its usefulness, it will be important to give intensive con- 
sideration to what will replace it. 


The analysis of multiple cause data also poses problems. The 
number of causes recorded will doubtless vary considerably and so 
the number of recorded conditions will bear no obvious relationship 
to the number of deceased. Fer this and other reasons, it will 
probably continue to be desirable to publish some tabulations in 
which each death is represented by one diagnostic term, whether 
this be designated the underlying or principal cause of death or 
not. 
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Tabulations or reported conditions are difficult with the 
present certificate, ICD and rules, since two terms on a certificate 
_ may be combined by the rules into a single rubric. Cross tabulations 
of underlying causes against Part II Conditions are also difficult 
because present rules often select a Part II term as the whole or part 
of the underlying cause of death. A possibly useful system using the 
present death certificate would involve the suspension of all selection 
rules and the selection of the last mentioned term in Part I as the 
underlying cause. Cross tabulation of this term with the first 
mentioned term would represent an examination of the modes of 
dying associated with underlying conditions while cross tabulation 
with one term of Part II would represent an examination of important 
disease associations. To the extent that certifiers used (or could use) 
the present certificate as was intended, such analyses would be 
useful. 


In a certificate in which the underlying cause concept was 
abandoned and the significant diagnostic terms merely listed, 
clustering of disorders could be identified by appropriate statistical] 
methods and their possible significance investigated. If the problems 
of isolating unitary conditions can be solved and a Suitable classifi- 
cation of such terms devised, this approach would clearly be very 
valuable. These problems may be commended to the attention of 
those responsible for the next revision of the ICD. 


Statistical methods appropriate to such analyses are currently 
receiving intensive attention in the general context of the application 
of computers to problems of taxonomy. A variety of methods is 
available for detecting clustering in correlation matrices. 


For a general discussion of problems of multiple cause 
analysis reference may be made to the proceedings of a Conference 
on Multiple Cause Analysis, held on 9 and 10 May 1967 at the. 
General Register Office for England and Wales in London. 


Analysis of age specific mortality : 


Age is far the most important determinant of the level 
of general mortality and many individual diseases occur and 
kill more commonly as age advances. It is not surprising, therefore, 
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that analysis of mortality rates has frequently been concerned with 
the association with age. 


Provided that the groupings are not too coarse, mortality rates 
Specific for age groups describe mortality as a function of age in a 
given population at a given time. A historical series of such age 
Specific rates will describe the way in which this function has changed 
with the passage of time. What a set of age specific rates does not 
necessarily provide is a description of the way the risk of dying 
changes in the course of human life. For example, a set of age 
specific rates for lung cancer mortality calculated from current 
mortality and current population age distribution at any time in the 
past thirty years or so in developed countries would show a peak 
mortality at about sixty years and lower rates at both younger and 
older ages. In aetiological terms, cancer risk as a function of age 
would be very difficult to explain if there were really a fall-off at the 
later ages. 


If a set of age specific rates is available at secular intervals 
corresponding to the class intervals or the age distribution, the rates 
may be set out as a two dimensional table with age as one dimension 
(for example, distinguishing the columns) and the secular intervals as 
the other (distinguishing the rows). Such a table may be informatively 
examined in three ways, two of which are quite obvious. If successive 
rows are examined, the secular changes in the age distribution are 
seen; if columns are examined, the secular trends in rates at particular 
ages are seen. If, however, the diagonals of the table are examined, 
each diagonal set of cells will represent the rates of a generation of 
individuals passing simultaneously through historical time and 
human life. 


A method of deriving similar generation data using annual, 
single year age groupings and combining them into quinary- 
quinquennial cohorts of mortality rates has been used extensively in 
recent years. The method has permitted the resolution of a number 
of problems arising from apparently anomalous functions relating 
disease and age, especially inrelation to cancer and to tuberculosis. 
If differences between generations are greater than between members 
of the same generation at ages separated by the same time span as 
that between the generations, distortions may occur of the current 
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rates as a function of current population age distribution. It is now 
clear that the narrative use of age specific mortality data must 
involve examination of such cohort or generation data if it is to avoid 
being misleading. 


Ordinary life table techniques have been extensively used as a 
means of comparing mortality rates independently of age. The so- 
called expectation of life at birth (the mean duration of life beyond 
birth in a hypothetical population subject to a particular set of age 
specific mortality rates) provides an age-independent mortality index 
which is dramatically responsive to the influence of early mortality. 
It is unfortunately very open to misinterpretation since it represents 
the mean of a usually very bimodal distribution, and also seems to 
imply a prediction of life duration for the current population of 
newborn. 


Life tables based on cohort data bear more resemblance to 
reality in that they summarize the life experience of actual generations, 
but they are obviously of little use in comparisons of current 
mortality. 


Perhaps the most important quantity in a life table is the 
column of 1, values which represents the attenuation of a population 
subjected to the mortality rates being used. Graphical representation 
of the column of 1, values clarifies the effect of the age differences 
in mortality. Unfortunately, the use of 1, values for multiple 
comparisons is usually clumsy. It has been suggested that the 
additional use of the modes of the distribution of age duration would 
represent a more informative and less misleading summary than the 
expectation of life. There certainly seems much to be said for 
further development of life table methods for mortality analysis. 


Record linkage: 


The linkage of two or more records pertaining to an individual 
or of records pertaining to related individuals has for long been a 
common place of epidemiological and genetic inquiry. The need to 
link records arises for example where longitudinal experience is being 
studied or where the use of multiple sources of ascertainment might 
otherwise undesirably lead to multiple inclusion of individuals in a 
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study. Recent intense interest in the subject arises from the new 
possibilities of using automatic data processing machines to effect 
linkages economically on a very large scale,even in cases where the 
identifying data may contain errors or inconsistencies. 


Where records are usually identified by personal numbers and 
where these numbers may easily be obtained accurately from the 
individuals they identify, the problems of liking records are not very 
great. The problems of assembling a variety of different kinds of 
records and maintaining them ina single file may well be much 
greater. The absence of numerical identification of members of the 
public further complicates linkage where this is usual. Nevertheless, 
the main requirements for linkage of the usual kinds of vital 
registration and morbidity statistical data at national level have now 
been clearly stated and the major problems have been satisfactorily 
solved. The decision to carry out analyses of linked data at national 
level is now governed by administrative and political rather than 
methodological considerations. 


Simple linkage of birth and death records for infants and 
children is easy to effect with only modest resources of data proces- 
sing equipment. It is also relatively easy to link death records for 
members of the same fraternities for simple genetic or other familial 
analysis. More elaborate linkages will usually require electronic 
computers and some investment in document redesign and computer 
programmes, but basic linkage software is now available from several 
sources. More complex linkage systems relate to fields other than 
mortality statistics but they will eventually facilitate the analysis of 
mortality data in relation to items of data recorded at the time of 
their occurrence. 


The advantages of record linkage are not limited to the 
increased scope they afford to statistical analysis of mortality data; 
linkage will usually permit a simplification of data recording since if 
information may be retrieved from a linked system each item need 
be recorded only once. For example, it would be unnecessary to 
record age at death if the date of death and of birth were recorded 
on the relevant documents, It would be unnecessary to record 
maternal age, birth order, weight at birth, etc., for infant deaths if 
these items were already on the birth record which could be linked to 
that of the death. 


264 


Some of the objections to record linkage have been based on 
the dangers of breaches of confidentiality of records, or of their 
providing too comprehensive an account of individuals’ lives at 
governmental level. Safeguards against such dangers are now 
technically possible and adequate systems of safeguards can usually 
be devised for any particular application. Public acceptance of 
linked systems may depend crucially on the availability of such 
devices. 


The use of electronic computers : 


Electronic computers, although in principle they are no more 
than a means for speeding data handling and computation, are likely 
to transform routine and special mortality statistical analysis. 


Their most obvious effect should be to speed the production 
of periodic analyses and reports. The utility of statistical analyses 
is often largely dependent upon the timeliness of their availability, 
and mortality statistics are frequently unavailable untill several years 
after the period to which they relate. 


Computers will also influence the degree of reduction of data 
that is possible. Calculation of informative and succinct indices 
may involve an amount of computation that is prohibitive if 
conventional methods are used but wholly practicable with electronic 
computers. In addition, indices of dispersion may easily be added; 
for example, the standard deviations of distributions as well as their 
means and coefficients of variation as well as their informative 
Statistics. 


The statistical efficiency of the methods employed may be 
changed by computers. Many of the present methods were developed 
in the context of clerical calculation and are not theoretically ideal. 
A nearer approximation to the ideal may become possible and may 
encourage the mathematical exploration of more rigorous methods. 
Reference has already been made to multivariate regression methods 
in dealing with data involving a wealth of possibly related variates. 
The methods are impracticable using conventional clerical 
computation. 


The development of automatic ‘‘on-line’’ analysis for monito- 
ring continuously received data also depends on the availability of 
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processing devices capable of implementing them. Even simple 
methods (such as cumulative sum techniques) require more elaborate 
resources that clerical computation can readily provide. 


An application of computers that is currently of great interest 
is the automatic classification and coding of diagnostic data. A 
complete solution of the problems currently being encountered in 
this field would be greatly facilitated by changes in the forms of 
certification and in the disease classification, but the changes need not 
be extensive and might be beneficial in other respects. 


An important use of electronic computers concerns the 
automatic checking of plausibility of data by examining items tor 
mutual incompatibility. For example, diagnoses may be checked 
against sex and age, and unplausible combinations set aside for 
verification. 


Statistical technigues : 


Traditionally, the application of elaborate statistical methods 
to mortality data has characterized demographic rather than public 
health studies. Recently, an increasing sophistication of method has 
developed in public health statistical work. 


Mention has already been made (5.1) of the use of techniques 
for examination of correlation matrices in the study of disease 
associations. Discriminant function and principal component analysis 
have been applied to these and other problems in mortality 
associations. Such techniques depend on the availability of quite 
powerful computing resources but are undoubtedly interesting as an 
example of future trends in analysis. 


A simpler application that is nevertheless of considerable 
practical interest is the application of methods developed in the 
context of industria] quality control to the problems of monitoring 
data as they become available for the early detection of undue peaks 
of occurrence. Cumulative sum techniques are particularly suitable 
for simple computer analysis of regularly available data. They 
involve no more than the accumulation of the differences (positive or 
negative) betwecu ihe periodic numerical frequencies of an event and 
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a suitably chosen base level and the testing that this cumulative sum 
has remained between limits which can be adjusted to the required 
sensitivity of the procedure. A change in the underlying mean 
frequency about which the periodic frequency is varying will be 
marked by a systematic trend in the cumulative sum, which will thus 
soon cross one of the imposed limits. The crossing of the limit thus 
constitutes an alarm signal which can serve to draw attention to the 
associated change in underlying frequency. 


Such a method necessitates the frequent inputting of accruing 
data to the analysing process. The traditions of offices devoted to 
the analysis of mortality data often involve the slow accumulation of 
data and their infrequent (e. g., annual) analysis in bulk. The 
application of mortality data as monitoring information calls for a 
much more “‘on line” analysis. 


Another statistical technique that has been very little exploited 
by health statisticians is multivariate regression analysis. The elimi- 
nation of unwanted variation has usually been accomplished by 
simpler methods such as standardization or the use of standardized 
indices, such as the Standardized Death Rate or Standardized 
Mortality Ratio. These techniques are extremely useful for the 
elimination of one or two unwanted sources of variation but the 
more elaborate data now often available cannot so acceptably be 
handled in these simpler ways. 


The analysis of samples of data is sometimes desirable when 
the bulk of large scale data prohibits intensive analysis or, in 
developing countries, where larger scale data may be unobtainable. 
It is often possible to obtain additional data on samples of deaths. 
The use of complex stratified samples, dictated by many conside- 
rations, has imposed the need for new methods of deriving sampling 
errors and new methods of estimation and significance testing. Such 
methods are increasingly being developed but their adoption has so 
far been very limited. Although some countries disseminate their 
findings in these fields quite widely, effective communication does not 
always seem to have been achieved. 


Projection of mortality trends has again been more a feature 
of demographic analysis than of public health applications. 
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Projections, like all predictions, require qualification but it is possible 
to specify quite clearly a range of plausible assumptions on which 
projections of mortality trends might be based. This is a field where 


public health statisticians and demographers might usefully 
collaborate. 


References to the Literature 


Specific reference to the literature has been deliberately 
avoided in this paper but a bibliography of some of the more 
important work on mortality statistics is given below. 


BIBLIOGRAPHY 


Acheson, E. D. (1967) Medical Record Linkage published for Nuffield Provin- 
cial Hospital Trust by Oxford University Press. 


Brichler, M. (1958) ‘“‘Classification of the Population by Social and Economic 
Characteristics. The French Experience and International Recommendation.’’ 
Journal of the Royal Statistical Society, Series A, Volume 121, pp. 161-189. 


Case, R. A. M. (1956a) “Cohort Analysis of Mortality Rates as an Historical 
or Narrative Technique.” British Journal of. Preventive and Social Medicine, 
Volume 10, pp. 159-171. 


Case, R. A. M. (1956b) ‘“‘Cohort Analysis of Cancer Mortality in England and 
Wales 1911-1954 by Site and Sex”. British Journal of Preventive and Social 
Medicine, Volume 10, pp. 172-199. 


de Haas-Posthuma, J. H. (1962) Perinatale Sterfte in Nederland (Two 
volumes-Text and Tables) published for Cezondheldsorganisatie T. N. O. 
uitgegeven Door by Van Gorcum-Assen (Summary in English pp. 179-223) 


Freudenberg (1955) Die Sterblichkeit in hohen Lebensaltern, Schweis Zeitschrift f. 
Volkswirtschaft u. Statistik, No. 4, 1955. 


Gibson, J. R., and McKeown, T. (1952) ‘‘Observations on All Births (23,970) . 
in Birmingham 1947. VII Effect of Changing Family Size on Infant Mortality” 
British Journal of Social Medicine, Volume 6, pp. 183-187. 


Kilpatrick, S. J. (1962) ‘‘Occupational Mortality Indices.”’ Population Studies, 
Volume XVI, pp. 175-185. 


268 


McKeown, T. (1965) Medicine in Modern Society, Allen and Unwin Ltd. 


McKeown, T., and Brown, R. G. (1955) ‘“‘Medical Evidence Related to English 
Population Changes in the Eighteenth Century” Population Studies, Volume 1X, 
pp. 119-141. 


McKeown, T. and Record, R. G. (1962) ‘Reasons for the Decline of Mortality 
in England and Wales in the Nineteenth Century.’ Population Studies, 
Volume XVI, pp. 94-122. 


Smith, A. (1963) ‘“‘Automatic Linkage of Medical and Vital Registration 
Records.’ British Journal of Preventive and Social Medicine. Volume 17, 
pp. 185-190. 


Smith, A. and Carstairs, V. (1966) “Patients under Psychiatric Care in Hospital, 
Scotland 1963.” Scottish Health Service Studies No. 1, published by Scottish 
Home and Health Department, Edinburgh. 


Springett, V.H. (1950) “‘A Comparative Study of Tuberculosis Mortality Rates.”’ 
Journal of Hygiene, Volume 48, pp. 361-395. 


Zackrisson, U.and Kjessler, A., (1956) ‘‘Variations in Perinatal Mortality with 
Social and Economic Factors and Prenatal Care.’ Acta Universitatis 
Gothoburgensis, Volume LXII, No. 6, pp. 1-44. 


269 


Impact of Changes in Mortality 


Impact of Prevention of Selected Causes of 
Death on Life Expectancy: A Methodological 
study Based on Rajasthan Data 


G. Ramakrishna and M. V. Raman 
Levels and Trends in Mortality 


During the last three decades or so there had been a decline 
in the death rates in many parts of the world. This decline had been 
most rapid in the developing countries brought about largely by 
advances in therapeutic and preventive medicine rather than by any 
Significant rise in the standard of living. With the present knowledge 
of medicine and public health it has been possible to effectively 
neutralize the environment to some extent. The rapid decline in 
the death rate during 1951-61 in India is a case in point. 


It may be remembered that the crude death rate is only a 
rough measure of the actual force of mortality in a population, its 
main disadvantage being its heavy dependence on the age structure of 
the population. A more useful measure which overcomes this 
difficulty is the expectation of life at birth which is a function of the 
death rates independent of the age structure of the population. 


Sex and Age Patterns of Mortality 


For most disease conditions the susceptibility of the two sexes 
appears to be equal but for some it is different. The difference may 
be due to a variety of causes. Broadly speaking, at birth and in the 
first year of life, the female death rate tends to be less than that of 
the male in most societies, regardless of their development. This 
female superiority continues for another 2 or 3 years, but thereafter 
the pattern of differences depends on the overall mortality level. In 
many countries with high levels of mortality, females are seen to be 
associated with higher mortality than men up to the age of 40 or so. 


avi 


Thereafter females have a better chance of survival. It has also 
been observed that females as a rule, experience unfavourable 
mortality experience in predominantly agricultural and less developed 
communities. This may be partly explained by the low status of 
women and the stress and mortality associated with child-bearing in 
such communities. Cultural factors and their influence on diet and 
relative care of girls versus boys have a great deal to do with the 
relative mortality of males and females. 


Causes of Death 


Cause of death statistics do not adequately reflect the actual 
morbidity situation of a population as fatality rates vary widely 
among the diseases. Consequently, the utility of cause of death 
Statistics for indicating precisely the health or illness situation of a 
population is correspondingly restricted. However, significant 
changes in the death rate for a given disease, broadly reflect similar 
changes in trends in the incidence of that disease. Therefore, in the 
absence of adequate and reliable statistics on morbidity, the 
collection of which involves innumerable difficulties, recourse is often 
made to mortality data for an assessment of health problems and 
for the development of public health programmes. However, a 
meaningful analysis is impossible with the extremely unsatisfactory 
nature of the cause of death data available in this country. But a 
promising start has been made in areas like Rajasthan, West Bengal, 
Nagpur, Poona, Bombay, etc. to improve the recording of the cause 
of death. For drawing general conclusions the adoption of broad 
groups of causes may be desirable as this may further reduce 
inaccuracies in recording. 


Mortality due to infective and parasitic diseases has gone 
down considerably in the developed countries. In the developing 
countries also in recent years there has been marked improvement in 
mortality due to specific diseases like malaria, enteric and diarrhoeal 
diseases, etc. As stated earlier this improvement in mortality is 
largely the outcome of the application of modern medicine and 
extensive public health measures and not of any significant advances 
in the standard of living. Even though in India the decline in 
mortality due to infective and parasitic diseases has been quite rapid 
since World War HI, there is scope for further decline. Such 
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reductions will be meaningful only if there is also improvement in 
the standard of living of the population without which it may be 
difficult to maintain the progress. In India, apart from the contri- 
bution to mortality by the infectious and parasitic diseases, nutri- 
tional deficiency is another important factor contributing directly 
or indirectly to excessive mortality. If the present day attempts to 
improve the agricultural output by the Green Revolution succeed 
and if the price line of the essential consumer commodities could be 
held, the problem of undernourishment could be more firmly 
tackled. 


Assuming that it would be possible to control the above 
mentioned diseases by taking appropriate steps, one may be intere- 
Sted to know to what extent there could be improvement in the 
health status of the population. While the improvement cannot be 
precisely measured this may be attempted by estimating the gains in 
life expectancy that may accrue with the complete or partial elimi- 
nation of these causes of death. This problem of the effect on life 
expectancy of improvement in mortality had been studied earlier by 
M. N. Karn (1933), C. Chandrasekhar (1949), K. W. Kimball 
(1958), C. L. Chiang (1960) and so on. In the present discussion the 
formula derived by Chiang for estimating the probability of death 
when a particular cause is eliminated completely has been suitably 
extended to cover situations when only partial elimination is envis- 
aged. The paper confines itself to the analysis of data from 
Rajasthan. The procedure adopted has been briefly explained 
below. 


Method 
The following symbols are used in this paper. There are ‘c’ 


eauses Of death: and: k = 1.2.8. «.... Gandslsepacd sens allUse-aemecr 


the usual life table functions. 


Q.« = probability of dying in the interval (x,x+1) due to 
cause k when all other causes are present. 

vxk — force of mortality of a particular cause k. 

qx-k = probability of dying in the interval (x,x+1) when 


cause ‘k’ is eliminated as a cause of death. 
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a is a constant taking any value in (0, 1) 
® Qx-k = probability of dying in the interval (x,x + 1) 


when cause k, at level av,41, x is eliminated completely. 
Oo 
ve a expectation of life at age x when cause k at level 


Xe 


@vx4t,k 18 eliminated completely. 


Cc 
It can be shown that pxit = Y vxatyk When the death ofa 
jee 


— 


person is assigned to a single cause of death where 0<t<1. 


If we assume that 


rx+tk is constant for 0 ett tee | 
FE +t 
it can be shown that “tek = Qee 


Hx+t qk 
and .qx.k = 1—px (qx- Qxx)/qx 


Now if the force of mortality due to a particular cause k, 
Vxst, k Aecreases tO @ vx4t,x then any of the following may happen. 


(1) Only the total force of mortality yx4, changes to p’x4+t 
C 


. ' 

1. pxst = x VxX+ts i ac & Vx+ts ke 
1 
]— 


(2) pxst does not change and others may change 
c 
te e. Ex+t = »> yet sis O& Vx+ts ke 
ik 
i- l 
(3) ywx+t and others change 
c 
1. e. feet — p> VD xstoii i &Vxits ke 
i—1 
ixzk 
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The gain in expectation, when the force of mortality due 
to a particular cause k decreases to a vx41, k, 1S estimated as shown 
below : 


Assumption (1): 


p and a are the life table functions when the force of 


mortality due to a particular cause has decreased. 
J 


es, 
Poe ola constant) 
be 


xX+t 
/ 1 
then Bae exp - Fees die: p’, 


1 
ee v4 Hy+t ong (ie) Vy+t k 
> 


’ 1 1 
p, =exp-— | Peat dt exp | (1—a) edie’ k dt 


ee 


= pb (ae | 


From the above it is clear that 


B = ] — Bl) Qxk 
qx 


2] ’ 
we 1—exp- | (Pe Oy) dt 


a [ep eee / qx 
when we substitute the value of 8 we get 
Eee alpeeipe eect) 


Oo 
Let ‘’e bethe expectation of life at age x when the force 
, or, 
of mortality is". The gain in expectation at age x when cause k at 


Oo Oo . 4 
leve avx4t,;xk 18 eliminated completely is ‘e ay fe... IJhé gain ein 
Xe x 
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expectation of life at age x due to a decrement in the force of 


mortality of cause k from vx4t, x tO Qvxst, k IS 


Assumption (2): 


O& 


1 
q— 1—exp- | (y xt+t Ox +tsk) dt 
x-k o 


1 1 
=| -EXP | Hy tt exp a |r. ft 
Say 1— @ Qxk/ dx 
The gain in expectation 1s 
Ke rere eal Secs) 
tte :=0 6 re 


Assumption (3): 
As in assumption (1) we have 
Dee pe and noes e eee ae reat: 


4 ; Pa EE / Qx 
Here qx.x does not reduce to 1—px 


since 8 does not depend on a. We have to choose values for f 
when a is fixed to find %qx.« ; 


The gain in expectation is 
(‘e° = e°) Bs ao 65) 
X+k x x-k 
The above formulae can be suitably extended to the age 
groups (x, X+n)if n is not large. 
Data 


The analysis is done for Rajasthan using the registration 
data of 1954. The causes of death considered are: 
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(1) Infective and Parasitic diseases together with allergic, 
endocrine system, metabolic and nutritional diseases for males and 
females separately. 


(2) Deliveries and complications of pregnancy, child birth 
and puerperium for females 


where ,D,,=deaths due to a particular cause k in (x,x-+n), 
N,x = Total population at age x. 
nDxk nDx nDyxk 


aa % nDx ; Nx S nDx ase 


If we assume that underregistration is to the same extent 
nD xx e nRxk 
nDx nRx 


where ,»Rxx = registered deaths due to cause k in (x, x+n) 


for all the diseases then 


and ,R, = registered deaths in (x, x+n). 


Using these values ,Q.x we can find @ nqxv., for age groups 
O—1, 1—4, 5—9, 10—14 ......... 55—59. 


The values beyond 60 are extrapolated by using Makeham’s 
formula. 


The values of ae 3 are found when a = 0.25, 0.50, 0.75 


Xe 


and 1.00 using assumptions (1) and (2) only. 


Results 


The gain in expectations of life for various values of a has 
been estimated and shown in Tables 1, 2 and 2 (a). 
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Table 1 


GAIN IN EXPECTATION OF LIFE FOR MALES WHEN CAUSES OF DEATH 
(002-138) AND (240 - 289) ARE ELIMINATED 


—____. 


——————— | 


Age Assumption (1) Assumption (2) 
x Oi OO a0 554. 0:50, a= 025-9 20S HO, eee 
0 4.15 TAS 2.02 1.00 Rhg Es) ere Ee 1.09 
1 3.59 2.66 jE fa 0.87 idee 1.84 0.93 
5 Belg 2.34 1.54 0.77 2.39 1.62 0.82 
10 2.41 2.09 1.38 0.68 1.73 1.03 0.32 
15 2.64 1.96 1.29 0.63 2.01 i) 0.68 
* 20 2.44 1.81 120 0.59 1.85 1.24 0.63 
25 21235 E65 1.09 0.54 1.69 1.14 0.58 
30 1.99 1.48 0.98 0.48 ve =1201 Dol 
35 1,64 1.22 0.80 0.39 1225 0.84 0.42 
40 1.28 0.95 0.63 0.31 0.97 0.65 0.33 
45 0.95 0.70 0.47 pyres Ori 0.48 0.25 
50 0.82 0.61 0.40 0.20 0.62 0.42 0.21 
oD 0.58 0.43 0.28 0.14 0.44 0.30 0.15 


002 — 138: Infective and parasitic diseases. 
240 — 289: Allergic, endocrine system, metabolic and nutritional 
diseases. 


Table 2 


GAIN IN EXPECTATION OF LIFE FOR FEMALES WHEN CAUSES OF DEATH 
(002—138) AND (140—189) ARE ELIMINATED 


Age : Assumption (1) Assumption (2) 

Xx e100 ie 0 Jone 0.50 Sor 0S" A —OF))D) “k=O 50s AOS 
0 4.39 34 2.10 1.03 3.36 2.29 1.18 
l 4.57 3535 219 1.07 3.50 238 1.23 
5 3.93 2.87 1.88 0.92 3.01 2.05 1.06 

10 B Fiet 2.61 ert 0.84 ets 1.86 0.96 

15 3.34 2.44 1°59 0.78 P70 B/S 0.90 

20 3.12 2.28 1.49 0.73 2.39 1.63 0.84 

25 2.91 212 1.39 0.68 2°23 12 0.79 

30 25d 1.87 L23 0.60 1.97 1.34 0.70 

35 Bes 1.64 1.07 0.53 1273 1.19 0.62 

49 2.01 1.45 0.95 0.47 1.54 1.06 0.56 

45 ALS 1.60 1.19 0.39 1.68 ree 0.47 

50 1.16 0.83 0.55 0.27 0.89 0.61 0.33 

he. 0.93 0.65 0.43 0.21 0.72 0.50 0.28 


002 — 138: Infective and parasitic diseases. 
140 — 189: Allergic, endocrine system, metabolic and nutritional 
diseases. 
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Table 2 (a) 
GAIN IN EXPECTATION OF LIFE OF FEMALES WHEN CAUSES OF. DEATH 
(640—689) ARE ELIMINATED COMPLETELY 


Age Assumption (1) Assumption (2) 
X Os Oise C= O27 Sor = 0 50. 00,25. 7a 0.75 =o S00 


0 1.98 1.47 0.97 0.48 1.50 1.01 0.51 

1 ein 1.66 1.09 0.54 1.69 1.14 0.57 

5 2.40 1.78 Jeid, 0.58 1.82 lees 0.62 ° 
10 2.46 1.83 lee0 0.60 1.86 1.26 0.63 
15 2.49 1.85 E22 0.60 1.89 27 0.64 
20 238 1.77 lia iy: 0.58 1.80 let 0.61 
25 1.99 1.48 0.98 0.48 ay 1.01 Oss lz 
30 1.62 1.21 0.80 0.40 2 0.82 0.41 
35 0.96 0.71 0.47 0.23 0.73 0.49 0.25 
40 0.45 o35 0.22 0.11 0.34 0.23 bd bt 
45 0.09 0.06 0.04 0.02 0.07 0.05 0.03 


640 — 689 ; Deliveries and complications of pregnancy, child birth 
and puerperium. 


The gain in life expectancy for males at age O if deaths due 
to infective, parasitic, nutritional and allied diseases classified in the 
same group are completely eliminated is about 4.15 years whereas 
the corresponding gain for West Bengal observed in an earlier study 
is 7.86 years. The higher value for West Bengel is obviously due to 
the greater mortality from these causes compared with other causes 
in the State. When a takes values 0.75, 0.50 and 0.25, the gains in 
expectations of life at age 0 under Assumption (1) are 3.05, 2.02 and 
1.00 years and under Assumption (2) are 3.15, 2.13 and 1.09 years. 
The more plausible values are obtained under Assumption (3) and 
may lie in the intervals (3.05, 3.15), (2.02, 2.13) and (1.00. 1.09) for 
the various values of a mentioned above. 


For females, the gain in life expectancy at age 0 if deaths due 
to the above set of causes are eliminated is 4.39 years whereas the 
comparable figure for West Bengal is 7.12 years. Further, the gain 
in life expectancy at age 0, when deaths due to deliveries and 
complications of pregnancy, childbirth and puerperium are comple- 
tely eliminated is 1.98 years which is very similar to that for West 
Bengal (1.70 years). The maximum gains in Rajasthan and West 
Bengal are at age 15, the values being 2.49 and 2.46 years 
respectively. 
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Effect of Changing Mortality and Fertility 
on the Population of Kerala, 1971 


R. Ramakumar 
Introduction 


It is well known that declining mortality without a corresponding 
decrease in fertility not only precipitates an accelerated growth of 
population but increases the proportion of persons in the econo- 
mically unproductive age groups. Kerala’s population has been 
recording a steady increase in mortality for the past two decades?. 
But whether there was an accompanying decrease in fertility in recent 
times is not quite certain. This uncertainty leaves a wide gap in the 
knowledge of the age structure of the population. Planning and 
administration in the economic, educational, health and social service 
fields will not bring forth full benefits unless the composition of the 
population is taken into account?®. 


A number of demographic factors influence the age compo- 
sition of a population’. The initial level of mortality, the degree 
and pattern of change in mortality at the various ages and changes in 
the levels of fertility are some of them. There are analytical studies 
which provide the various possible effects associated with the 
variations in the factors mentioned above®. But only an empirical 
study can throw light on the specific changes that may be brought 
about in a given population. It is such a study which can provide a 
basis for investigating the possible consequences due to the changed 
structure. Itis not known whether the projected figure of 21.7 
million as the population of Kerala in 1971, given in the Economic 
Review of Kerala, has been arrived at after taking into consideration 
the factors mentioned earlier®. Further, a decline of birth rate from 
38.9 in 1961 to 35.4 in 1971 and a decline of death rate from 16.1 to 
10.1 during the same period resulting in a growth rate of 28.4 per cent 
during the decade and an expectation of life at birth equal to 56 
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years for males and 60 years for females given there appears to 
be unrealistic based on other evidences.’ 


In this paper an attempt is made to study the influence of the 
changes in mortality and fertility on Kerala’s age structure during 
the decade 1961-1971. The method of approach is to estimate the 
1971 population of Kerala under different assumptions of decline 
in mortality and compare the resultant age structure with that of 
1981. 


Population of Kerala, 1971 


The final returns of the 1971 Census of population of Kerala 
is not expected to be available before the end of this year. Hence 
the 1971 age structure of Kerala is estimated. During the past decade 
nothing extraordinary has happened which could have brought 
about violent changes in the demographic determinants of the 
population of Kerala. The decline in mortality noticed in the previ- 
ous decade (1951-1961) can be reasonably assumed to be conti- 
nuing. Although there are no concrete evidences to indicate a 
decline in fertility, small decreases are likely due to the widespread 
family planning propaganda. Net migration is assumed to be 
negligible. : 


Projections in mortality have to take into consideration the 
following generalisations: 


i. ‘*The measure of mortality that determines the effect of 
changes in mortality on age composition and growth is 
the relative changes in Survival rates, rather than the 
relative changes in the corresponding mortality rates.’’® 


ii. That the improvements in mortality rates are linear 
when the expectation of life at birth is below 60 years?®. 
In what follows is detailed how the Regional Model Life Tables of 
Coale and Demeny!°® are made use of for arriving at reasonable 
survival ratios for mortality projections. 


The available life tables of Kerala’! for the previous decades 
uptol1961 are subject to gross abnormalities. The method suggested by 
Namboothiri!? is made use of fof arriving at a suitable set of 
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survival ratios. But Regional Model Life Tables were made use 
of instead of the U.N. Model Life Tables. Using the ‘* West ” 
model the mortality level corresponding to each of the age specific 
survival ratios of all the existing life tables were interpolated. 
The levels* did not show an uniform increase (1.e., a decline in 
mortality) over time or cohortwise. The gross misreporting of age 
has resulted in a pattern of successive gains and losses in the 
mortality levels when changes in mortality are studied on a cohort 
basis. The changes over time for each age group on the other 
hand show a smoother decline in mortality or gain in mortality 
levels. Further, there was a pattern in the levels of mortality that 
was common for all the inter-censual periods. It was interesting to 
note that mortality levels for ages 5-9 was consistantly lower than 
that of 0-4 years. The levels showed an increase from 10-24 years 
and then declined upto 60 years and thereafter increased once 
again though slowly. The exceptions to this pattern were few. 
see Table 1. 


Table 1 
THE MORTALITY LEVELS CORRESPONDING TO THE SURVIVAL RATIOS OF 
THE OFFICIAL LIFE TABLES, TAKEN FROM THE ‘‘WEST’”? REGIONAL MODEL 
LIFE TABLE, OF COALE & DEMENY AND THE ESTIMATED LEVELS FOR 


1961 — 197] 
Males Females 
A Intercensual Periods Intercensual Periods 
ae 1931— 1941-— 1951-— 1961-+ 1931— 1941- 1951-— 1961-+ 
1941 1951 1941 1971 1941 1951 1961 1971 
0-4 fee! 10.27 13.19 16.0 8.65 10.98 r3ra// 16.0 
5-9 —0.73 7.61 132 15.0 3.86 6.30 14.08 20.0 
10-14 335 LAistit 14.90 18.0 4.89 12-42 18.63 25D x4 
15-19 9.40 13.65 hy-25 2055 5.54 16.69 18.88 pays. 
20-24 8.05 1745 15.78 been 4.65 14.51 15.80 18.0 
25-29 6.30 L034 14.26 16.0 4.45 12.01 15.01 es 
30-34 6.43 9.39 ime) 15.0 atl 10.44 13-21 iB ns. 
35-39 6.31 8.68 i eee, 1235 5.44 8.37 10.13 114 
40-44 5.69 7.64 O17 10.0 4.28 6.55 8.75 10.0 
45-49 3.82 6.55 7.89 9.0 rae chu be T2532 9.0 
50-54 Pi i 5.67 6.44 7.0 0.90 2.26 5.67 ba) 
55-59 0.99 29 5:47 6.0 0.74 2.61 6.74 9.0 
60-64 0.48 9.76 oli 7.0 is 3.36 en ey 10.5 
65-69 —-0.03 3.46 6.10 f 1.02 4.49 10.99 15.0 
70-74 0.11 HQ. HTS 8.0 62 357 12.29 17.0 
7 pee —1.88 17.20 Liz) 18.0 1.9) rT.02 24.00 20.0 


+ Estimates. 


* Hereafter ‘levels’ shall refer to the ‘mortality levels’ given in the Regional 


Model Life Tables and Stable Populations, of Coale and Demeny. 
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Because of the consistant pattern described above and be- 
cause of the wide variations in the levels, it was thought unwise 
to choose the median level of the first nine age groups as the 
mortality level of the population itself, as suggested in the U.N. 
Manual'*, Thus choosing the mortality level for population 
projection on the assumption of declining mortality became difficult. 
A compromise level had to be chosen for each age group that was 
commeasurable with the time trend, cohortwise gains and the 
overall agewise pattern of mortality at each time point. Extra- 
polations were made on the basis of linear increase in mortality 
levels with regard to time. Cohortwise levels were fixed for each 
cohort on the assumption that gains in the level of mortality for 
each cohort through decades would follow a second degree curve. 
The levels arrived at in this fasion for each age group were very 
close in almost all cases. Average of the different levels so arrived 
at for each age group was taken as the level of mortality for that 
age group for the decade 1961-1971.* 


The number of births during the intercensual period of 1961 to 
1971 was obtained using the age specific fertility rates estimated by 
Namboothiri for 1961.14 The same source also provided some idea 
as to the trend, if there could be any in the decline infertility. 
Linear extrapolation was adopted to estimate a new set of fertility 
rates that would register an overall decline in the birth rate. 


Using the set of survival rates and fertility rates obtained in 
the manner described above four different estimates of the population 
of Kerala, 1971 were calculated under the following assumptions: 


(a) Mortality and fertility remained constant since 1961. 
(b) . Mortality declined steadily since 1961 but fertility did not. 


(c) Mortality declined steadily since 1961 and fertlity declined 
after 1966. 


(d) Mortality and fertility declined steadily since 1961. 


*Since the survival ratios given in the Model Life Tables are for 5 year 
periods the estimates for 1971 were obtained at two stages, taking care to see that 
the decline in mortality is uniform for the period. 
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The percentage age distribution and the total population of Kerala, 
1971, under the four assumptions are given in Table 2. 


Table 2 
PER CENT AGE DISTRIBUTION AND TOTAL POPULATION OF KERALA 1961 


AND THE ESTIMATED FIGURES OF 1971, UNDER THE FOUR 
ASSUMPTIONS — (a), (b), (c), & (d) 


— 


1961 1971 

Age (a) (b) (c) (d) 
0-4 14.95 16.22 16.64 1625 15.95 
5-9 14.46 13.47 13:57 13:63 13.37 
10-14 13.23 10.60 11.11 tleter Qe 
15-19 8.48 11.26 11.09 11.14 11.23 
20-24 8.49 10.39 10.20 10.25 10.33 
25-29 7.64 6.56 6.47 6.50 6.55 
30-34 6.35 6.46 6.36 6.39 6.44 
35-39 5.98 §.72 5.64 5.66 a7 1 
40-44 4.45 4.62 4.53 4.56 4.59 
45-49 4.21 4.16 4.09 4.10 4.14 
50-54 3.31 2.92 2.89 2.90 2.93 
55-59 OD 247 2535 2.54 2.56 
60-64 2.23 1.83 1.79 1.80 1.81 
65-69 1.45 iT 1.26 12d 1.28 
70-74 1.01 0.92 0.93 0.93 0.94 
75-719 0.64 0.48 0.50 0.50 0.51 
80+ 0.50 0.55 0.40 0.41 0.41 
Total 100.09 100.00 100.00 100.00 100.00 
Population 16,903715 21,047856 21,629747 21,530871 21,358493 


Growth Rate: 


The decade of 1951-1961 saw the population of Kerala 
increasing by 24.76 per cent. Since then death rate has declined. 
There are some chances that birth rate has also declined though not 
considerably enough to slow down the rate of growth. The inter- 
censual growth under thefour sets of estimates is given in Table 3. 
Excepting for the situation where mortality and fertility have remained 
constant, the rates of population growth are higher than that 
of the previous decade. Even with a steady decline in fertility 
along with the decline in mortality the rate of growth has shown 
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Tabe 3 


VARIOUS RATES 1961—’71 CALCULATED UNDER THE FOUR ASSUMPTIONS 
AND THE PREVAILING RATES OF 1961 


Rate Estimates 
1961] (a) (b) (c) (d) 

Rate of Growth 
during the decade/100 24.76 24.52 27.96 pm PE | 26:3) 
Inter censual Birth 
Rate/1000 38.9 39.36 39.00 38.53 37.67 
Inter Censual Death 
Rate/1000 16.1 14.84 11.04 11.16 11.32 
Child (0-4 yrs) 
Death Rate/1000 — 1722 113.66 113.80 113.79 


Expectation of 
Life at Birth 


Males 44.16 — 50.0 50.0 50.0 
Females 50.00 — 55.67 55.67 5007 
Number of Males 


per 100 Females Rico 96.57 97.14 97.14 TsO, 


only an increase. But a steady decline fertility spread over the 
whole decade is unlikely. It may be reasonable to assume that 
mortality decline has been continuous for the whole decade and 
that fertility decline might have set in by the middle of the 
decade; in which case the Kerala population would have increased 
by 27.37 per cent during the decade to reach a total of about 
21.5 million in 1971. 


Vital Rates 


The overall effect due to improvements in the survival rates 
show a decrease in the death rates from about 16 per thousand in 
1961 to 11 per thousand for the decade. Estimate (a) suggests that in 
the absence of decrease in mortality the birth rate would go up to 
39.36 per thousand. This phenomena can be explained easily if it is 
recognised that the mortality gains were mainly in the younger and 
older age groups. Thus constant mortality implies a smaller denomi- 
nator in the calculation of rates. And with fertility remaining 
constant the numerator may not be altered much. Estimate (b) shows 
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that a slight decline in the birth rate is associated with the declining 
mortality. If a steady decline in mortality and fertility were operating 
during the decade the birth rate would be about 37.5. 


It was not possible to estimate infant mortality rates directly. 
But child mortality (children dying before attaining the age of 5 
years among the total born) shows almost identical figures for esti- 
mates (b), (c) and (d). Mortality appears to be the chief determinant 
of this rate. The changes due to decline in fertility appear to be 
negligible. 


The expectation of life at birth, obtained from the life tables 
derived using the survival ratios used for the calculation of the vari- 
ous estimates, is found to be 50 years for males and 55.5 years for 
females. These figures are much less than the figures obtained by 
the Kerala State Planning Board, viz., 56 years for males and 60 
years for females'!®. The values obtained in this study are in 
agreement with the general findings of the United Nations on the 
gains in the expectations of life in developing countries! ®. 


It must be pointed out here that the rates shown here are the 
direct products of the assumptions on which the estimates were made 
and should not be taken as indices based on data. The purpose of 
presenting the rates was mainly to indicate the influence changes in 
mortality and fertility has on vital rates. Also the reasonableness of 
the estimated rates enhances the reliability of other findings. 


Age Structure 


Whether a declining mortality tends to make a population 
younger or older depends upon the age at which the decline is 
greater. If there are considerable gains at the younger ages as 
compared to those at older ages, the declining mortality has the same 
effect as that of increasing or constant fertility. Itis of interest to 
examine the changes that can occur inthe age structure of Kerala 
population for the different assumptions on mortality and fertility. 


Figures of Table 4 show that the median age of the population 
would decrease from what was 19.33 years in 1961 to 18.91 in 197] 
(see estimate (b) ) if the decline in mortality noticed during 1951-1961 
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continues at the same pace during the 1960’s. The population has 
become younger mainly because of the gains in mortality that was 
greater at the younger ages. In the absence of a decline in fertility 
the number of survivors at the younger age groups would have 
increased so as to lower the median age. It can be noticed that with 
a decline in fertility, the median age increases. However even under 
an Optimistic assumption (estimate (d)) the median age does not 
reach the 1961 value. In other words the fertility decline assumed 
here is uot adequate enough to compensate the decline in mortality. 
Thus, if the population has to make greater economic progress 
greater decline in fertility is essential. 


Table 4 


AGE STRUCTURE AND DEPENDENCY RATIO, 1971 CALCULATED UNDER 
THE FOUR ASSUMPTIONS AND THE 1961 VALUES 


Estimates 

1961 (a) (b) (c) (d) 
Median Age 19.33 19.31 18.91 19.01 19.20 
Proportion under 
15 yrs. (%) 42.64 40.29 41.23 41.05 40.57 
Proportion between 
15 & 64 yrs. (%) 53.76 56.49 55,59 55.84 56.29 
Proportion between 
20 & 55 yrs. (%) 40.43 40.83 40.18 40.36 40.69 
Proportion over 
SI EVCS- 5s) 3.60 3222 3.09 3-11 3.14 
Proportion over 
SDeVTS 7% ) 8.45 TEA oe 8 | 7.45 Tiss 
Dependency Ratio 
ee x 100 86.01 AMI > bys 79.08 77.65 


Dependency Ratio 


(<20) + (55+) y 199 14734 944.99" > “44gigg”” 4747" “asa 
(20—54) 


The median age is directly influenced by the porportion of 
persons in the younger age groups. The proportion of persons 
under 15 years for Kerala is typical of a population of a developing 
country that has a high birth rate and a declining mortality rate. 
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The influence of declining mortality appears to be to increase the 
proportion under 15 years and that of declining fertility to decrease 
the proportion. The estimates show that even a steady decline both 
in mortality and fertility need not yield a figure equal to what would 
have been the case if there had been no decline in mortality and 
fertility since 1961. Once again it is a reminder that only a 
substantial decline in fertility can compensate for the small gains 
achieved through death control. 


The decline in mortality has resulted in an increase in the 
number of persons in the age groups beyond 65 years though not in 
terms of proportions. Declining mortality has made the population 
younger and the decline in fertility as assumed here has not helped 
to stop the tendency. In 1971, the Kerala population is likely to be 
younger than in 1961. It can be concluded that with large numbers 
of persons at the extreme age groups, the dependency burden on the 
economically productive group may increase. 


On an anlysis of the dependency ratios calculated using the 
conventional definition of the ratio of the number of persons under 
15 years and above 65 years to those between 15 and 65 years, shows 
that the value of the ratio is bound to come down considerably by 
1971. However, if instead of 15 to 65 years, 20 to 55 years is chosen 
as the age limits of the productive population of Kerala, whis is more 
relevant as far as Kerala is concerned, the reduction in the dependency 
burden is not considerable during the decade. This difference in the 
values due to the different definitions is due to the fact that mortality 
gains have been greater in the age groups beyond 60 years than in 
the age groups 25 to 60. Realisation of the fact that a decline 
in mortality and a very slow decline in fertility, if at all there is any, 
would increase the number of persons entering the labour force, 
suggests that the small gains in the dependency would be offset by 
unemployment problems if adequate economic opportunities are not 
created sufficiently earlier. 


Conclusion 


The population of Kerala for 1971 has been estimated on 
the basis of some reasonable assumptions regarding mortality and 
fertility. The results show that if the population had grown under 
the condition of constant mortality and fertility as prevailed in 
1961, the advantages in terms of age structure and growth would 
have been the maximum. However an assumption of constant 
mortality is unrealistic. Steady decline in mortality with fertility 
showing signs of decline after 1966 appears to be fairly reasonable, 
If population growth was under such a set up, the Kerala popu- 
lation would be economically at a disadvantageous position as 
compared to 1961. Even a steady decline in fertility accom- 
panying the declining mortality, as assumed here does not show 
that Kerala is poised for a demographic transition. The gains in 
mortality have been mainly in the younger and older age groups 
and consequently even small advantages accruing out of a steady 
decline in fertility is bound to be offset by the demands of a 
larger number of younger persons entering the labour force. 


The next decade, 1971-1981, may see further decline in mortality 
and fertility. As mortality decline is bound to be slow hereafter 
and as fertility may decline at a greater pace due to the impact 
of family planning programmes, the population is bound to have 
a larger number of youths entering the labour force. This, coupled 
with the rate of growth of population slowing down will set a 
stage very suitable for economic prosperity. 
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Mortality in India in Relation to Prospects 
of Fertility Decline* 


S. Krishnaswamy Rao, P.S. Mohapatra and P. S. Bhatia 
Introduction 


Owing to their preoccupation with fertility measurements and 
family planning during the past decade demographers in India have 
not been able to pay enough attention to the study of mortality, an 
area almost as important as fertility for the family planning programme. 
This paper seeks to examine the prospects of fertility decline vis-a-vis 
decline in mortality, and to highlight the trends and some of the 
causes of recent mortality decline in India with the help of available 
data. 


While studies in India have shown that three to four children 
are generally desired by a large fraction of the population, it appears 
paradoxical that little use of family planning information and services 
would be made by them even when these are made available to them. 
It may be that organizational arrangements for supplying the means 
of fertility contro! are either inadequate or traditional cultural values 
are inconsistent with adoption of family planning in early parenthood. 
This explanation has not been supported by any study so far. Another 
explanation is that the predominant social norm of having three-four 
children per couple is not inconsistent with a much higher number of 
live births, say six-seven in view of the continuing high mortality in 
India, especially in ages 0-5 years. Evidence is already available to 
support the hypothesis that favourable attitudes and practice of 
family planning are more common within given strata of the society if 
number of living children is four or more. Considering such evidence, 
Freedman has argued that ‘‘Availability of means for fertility control 
may be irrelevant until what is regarded as essential minimum 
number of children is achieved’’?. 


* This is a slightly condensed version of CFPI Technical Paper No. 10, 
(October 1970) reproduced with kind permission of the authors. 
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With rare exceptions, mortality decline in the Western 
European countries and other industrially developed societies has 
always preceded decline in fertility. It has also been hypothesized 
that rising standards of living and better nutrition was associated 
with both mortality and fertility decline in the West. It 1s, however, 
difficult to isolate the individual contributions of improvements in 
mortality conditions and of improvements in socio-economic condi- 
tions towards decline in fertility, and to determine the extent to which 
these factors are preconditions for fertility decline. It has also been 
theorised that a substantial decline from a high level of fertility can 
occur only aftera critical level in several demographic and socio- 
economic factors is reached. We shall examine inthis paper the 
extent to which Indian conditions in these respects differ from those 
in other developing countries which have recently recorded a sharp 
decline in fertility levels. 


Gains in Mortality in India 


In the absence of accurate vital statistics for India, census 
actuaries have estimated vital rates by indirect methods. Table 1 
provides a picture of the changes in mortality and fertility conditions 
in the country during the present century. Eventhough the absolute 
values of crude death rates and especially infant mortality rates may 
have been underestimated, the trends of declining mortality in the 
country emerge clearly”. 


Table 1 
VITAL RATES FOR INDIA, 1901-71 

Period Death Rate Infant Mortality Rate+ Birth Rate 
1901-11 42.6 299 48.1 
1911-21 48.6 212 49.2 
1921-31 36.3 176 46.4 
1931-41 nu ey 168 45.2 
1941-51 27.4 148 39.9 
1951-61 99.9 106 41.7 
1961-65 17.2* 80 41.0* 
1966-71 14.0* 38.5++ 


Source: Growth of Population in India, Ministry of Health, Government of 
India 1962, New Delhi. 


* Assumed by Expert Committee on Population Projections 
appointed by the Government of India 


+ Registration Data — Office of the Registrar General, India 
++ Estimated by authors 
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The fourteenth, fifteenth and seventeenth rounds of the 
National Sample Survey have yielded estimates of rural death rates of 
19, 15 and 12 per 1000 persons for 1958-59, 1959-60 and 1961-62, 
respectively®. The mortality trends have been’ graphically 
presented in Figure 1. The consistency in mortality decline began 
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Fig. 1: Trends in infant mortality rates & crude death rates in India. 


A — Chemo ‘Therapeutic Drugs, B — DDT, C — Antibiotics, 
D — Malaria Control Programme, E — Polio Vaccine 
F — Identification of Endemic Cholera Centres 


G — Achievement in 50% of the Target Number of P. H. Cs. 
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Only from the decade 1921-1931 when the inter-censual death rate 
centred around 1926 was estimated to be 36.3 per thousand 
population. Then followed a period of slow decline of mortality for 
the next 20 years by the end of which (i.e. during 1941 - 1951, 
centred around 1946) the death rate came down by 24. 5 per cent to 
a level of 27.4. A relatively higher rate of decline (38.0 per cent) was 
observed during the next 20 years, if we assume the death rate 
during 1966 to be about 17. 


The gain in mortality during the last 40 or 45 years is reflected 
in the differential gains in specific age groups, particularly the younger 
ones. This is illustrated in Table 2, giving life table mortality 
rates for India for 1941-1951 and also the per cent decline in 
different age groups during these ten years, for males and females 
separately. 


Table 


2 


AGE SPECIFIC DEATH RATES BY SEX FOR 1941-51 AND 1951-61 
FROM INDIAN LIFE TABLES 


Age Percent-— Female Percent— 
group 1941- 1951- age 1941- 1951- age 
1951 1961 Decline 1951 1961 Decline 
0-1 190.00 | Gays ere 19.4 175.00 138.26 21.0 
1-4 13524 83.53 38.2 174.85 100.23 42.7 
5-9 74.62 30.91 58.5 84.01 37.88 54.9 
10-14 ai 17.92 69.3 53.61 19.69 63.3 
15-19 50.46 2535 49.8 37.79 26.86 28.9 
20-24 54.19 27.99 48.3 44.29 28.37 35.9 
25-29 Geo hS 33.50 46.1 65.77 42.13 35.9 
30-34 73.93 46.90 36.6 90.28 (eA 17.8 
35-39 88.13 71.19 19.2 107.80 100.16 © 7.0 
40-44 104.32 96.18 7.8 120.20 113.16 6.4 
45-49 130.54 121.70 6.8 136,23 127.60 6.3 
50-54 168.36 154.11 8.5 156.91 L319 ze) 
55-59 217.59 195.84 9.9 191.01 184.78 aes 
60-64 284.97 246.75 13.4 Zooee By Agta bo, 10.0 
65-69 357.96 307.58 16.4 32148 273.69 14.9 
70-74 466.00 379 ST 18.5 405.99 329.00 19.0 
75-79 576.00 461.91 19.8 503.03 391.99 Zed 
80-84 690.80 556.94 19.4 609.08 467.96 ae He 


—_— 


Source: Registrar General, India, Life Tables of 1941-51 and 1951-61 
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It is observed (Figure 2) that while the per cent mortality 
decline in ages 0-1 during these ten years was of the same order as 
that for crude death rate (around 20 per cent), gains in other younger 
ages were of a much higher order. 


Pye 22: 


PERCENT DECLINE IN AGE SPECIFIC MORTALITY BY SEX 


70 INDIA 1941-51 TO 1951-6) 


60 


MALES; —_——_— 
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Percentage decline in mortality 


40 
30 
Rats 


PVE ways 


§ 10 (§ 20 25 360 35 40 45 50 55 60 65 70 75 go 85 
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It is clear that for both males and females a reduction in 
mortality of more than 25 per cent has been achieved in the ages 
1-30 during the period under consideration. In some age groups 
the reduction was as much as 69 per cent. The significance of such 
differential gain in the young ages is that proportionately larger 
percentages of the population have entered child bearing ages from 
the latter cohort as compared to the earlier cohort, which is likely to 
result in a corresponding increase in the number of births. 
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Causes of Mortality Decline in India 


Generally, the transition from high to low mortality in Western 
countries has been attributed to improvements in agriculture, 
communication, environmental sanitation and water supply, better 
medical facilities, control of epidemics and so on. By and large, 
mortality decline in the Western countries has been rather gradual, 
Spread over the latter part of eighteenth century and most of the 
nineteenth century. In England and Wales it took more than a 
century and a half for the death rate to reduce from a level of 33 per 
thousand in 1741 - 1750 toa level of 18.2 in 1891-19004. This 
happened long before the important life saving advances in medical 
sciences had become available. Correspondingly, in India the death 
rate declined from 36 during 1921-1931 to approximately 16 or 17 
during 1961-1971—a period of 40 years. This has been possible not 
so much due to improvements in level of living or changes from a 
traditional way of life to a modern way of life as due to control of 
famines, control of mass killers such as malaria, cholera and smallpox 
and introduction of life saving drugs in the country. Specifically, 
the downward trend in mortality and a fast decline in infant mortality 
during the last 20 years have been associated with certain events 
which may be chronologically shown as below: 


EVENTS YEAR 
1. Introduction of Chemo-therapeutic drugs such as Sulfas 1939 
2. Availability of DDT for use by the civilian population 1946 
3. Introduction of Antibiotics 1947 
4. Beginning of mass malaria control programme 1952-53 
5. Introduction of polio vaccine 1954 
6. Identification and isolation of endemic cholera centres [959 
7. Achievement of 50 percent of the target number of Primary 


Health Centres in the country 1959 


Corresponding improvements in social and economic 
conditions in the country over the same period have not been 
significant. The literacy rate in India in as late as 1961 was only 
24 per cent. Index of per capita food production in 1966-1968 (as 
compared to 100 in 1952-1956) was 97. There have, however, been 


aost 


some Outstanding gains in food production since 1968. It is true 
that part of the mortality decline during the 1920s, and 1940s has 
been due to control of famines through better communication and 
wider distribution of food. It is equally true that while the present 
control of famines has prevented many deaths caused by starvation, 
the level of nutrition has not improved enough to prevent a high 
level of morbidity. It may, therefore, be argued that the decline in 
mortality has not been as much due to improvements in 
environmental sanitation, nutrition and a significant increase in level 
of living as due to imported technology for prevention of deaths. 


Fertility Trends in India 


Since it is not our intention to have a detailed discussion on 
fertility in this paper we shall present some data which would be 
indicative of fertility trends rather than of levels. For this purpose, 
crude birth rates derived through analytical methods from census 
data for the decades of the current century have been presented in 
the last column of Table 1. 


The only inference that can be drawn from the above data are 
that birth rates were ata level of 45 or abovetill 1940. Even the 
subsequent fall in birth rate cannot be attributed to a real decline in 
fertility level. Firstly, there was little evidence of significant change 
in the social structure which could lead to fertility decline, nor were 
birth control methods used bya_ substantial proportion of the 
population. Secondly, the basis of estimation of birth rates during 
the different decades was different. There was not substantial drop 
in fertility rate upto 1965, as is evidenced from the percentage 
distribution of population during the five census years 1911-1951 in 
the broad age groups 0-14, 15-49 and 50 years and above. The dis- 
tribution remained virtually constant during this period. The slight 
increase in the percentage of population aged 0-14 years observed in 
1961 may have been due to one or more of the reasons given below: 


a. Sharp decline in infant mortality rate. 


b. Slight increase in the birth rate caused by reduction of female 
mortality and widowhood in child-bearing ages. 
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The Expert Committee on Population Projections, in its 
medium projections for the future growth of population of India has 
assumed a birth rate of 41. 0 during 1966°. Using this as the base, 
and applying analytical techniques to family planning statistics, 
various experts have placed the 1969 birth rate as between 38 & 39, a 
drop of 2 to 3 points from the 1966 level. If this happens to be the 
beginning of a continuous and long term trend of fertility decline, it 
may be said that such decline has probably started in 1966 the year 
in which family planning efforts began on a massive scale. 


An International Comparison of Fertility 
and Mortality Trends 


The relevance of the foregoing discussions on the Indian 
experience in fertility and mortality is seen when we compare this 
experience with those of other developing nations now on their way 
to achieving a low fertility level. Here it may be mentioned that 
often the performance of India in family planning and; in fertility 
reduction is compared with those in Taiwan, Hongkong, Singapore 
and Korea where significant reduction in fertility has occurred during 
the last decade. This comparison appears somewhat unfair for 
several reasons. Firstly, India is a much larger country with diverse 
population with respect to religion, language, ethnic origin and social 
and cultural norms. Secondly, mortality in these other countries had 
already reached a very low level when their birth rates started 
declining. Finally, although these countries are generally grouped 
as “‘developing countries” the levels of development in various social 
and economic areas in these countries during the last decade has 
been much higher than those in India. 


To illustrate the association of fertility decline with mortality 
decline we have chosen two of these countries, Taiwan and Singapore, 
for whom reasonably complete data for crude birth and death rates 
and infant mortality rates are available from 1921 onwards. These 
rates have been presented in Table 3 and figures 3 and 4 along with 
comparative data from India. 
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Table 3 


CRUDE BIRTH RATES, DEATH RATES AND INFANT DEATH RATES 
FOR SELECTED ASIAN COUNTRIES 


Birth Rate Death Rate Infant Mortalitv Rate* 


Year  Taiwan*  Singa— Tiwan@ Singa— Taiwan Singa— 
pore* pore@ pore 
1920-24 41.8 28.9 ZOE 30.5 — 222.9 
1925-29 44.0 Be ip 226 29.0 a 212.4 
1930-34 45.5 38.5 216 23.8 152.8 181.3 
1935-39 44.7 46.0 20.2 PHA 144.4 152.4 
1940-44 41.7 44.9 18.2 20.8 127.5 219.0 
1945-49 40.2 46.4 jEsyat | aes 59.6 98.7 
1950-54 45.9 45.5 10.0 10.4 33.6 67.1 
1955-59 42.8 42.8 8.0 ice 34.3 42.5 
1960 39.5 38.7 6.9 eh: 30.5 34.8 
1961 38.3 36.5 Gr 6.0 30.7 oy ay | 
1962 37.4 S54 6.4 5.9 2971 aT 
1963 36.3 34.7 6.1 a0 26.4 209 
1964 34.5 BIZ sf 5.8 23.9 29.3 
1965 a24] seh 55 apis 222) 26.1 
1966 32.4 29.8 5.4 one 20.2 24.6 
1967 28.5 27k 5a) 5.4 20.6 24.8 
1968 29.3 24.8 200) 5.6 19.0 23.4 
1969 25.6 222 a3 2 — 20.8 


Source: United Nations, Demographic Yearbook. 


It is observed that: 


a. Birth rates in Taiwan and Singapore were more or less constant 
and at a level ofaround 45 until 1952-1953 by which time the 
death rates in these countries had reached a level of 10 per 
thousand. Incontrast, in India, the death rate even now isata 
level of above 15 per thousand. 


b. The sharp decline in fertility in Taiwan and Singapore began 
only after 1956 by which time the death rate had fallen below 


8 per thousand. 
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4 Trend in infant mortality rates in India, Taiwan & Singapore 


The trend lines in death rates in all the three countries are almost 
parallel to each other, with India approximately 25-30 years 
behind the other two countries in registering a corresponding 
level of mortality. 


The present level of infant mortality in India of around 120 was 
achieved in Taiwan and Singapore by 1946 almost 25 years 
back. 


By the time birth rate began to fall in Taiwan, the infant 
mortality rate in that country had reached a level between 
30 and 35 per thousand live births and has been below 30 
consistently since 1960. Inthe case of Singapore infant mortality 
rate was below 60 when the birth rate began to fallaround 1952 
and has been below 35 since 1958. For both these countries 
the infant mortality rate had reached a level of 25 or less by 
1967. Correspondingly, in India, the registered infant mortality 
rate for the period 1951-1956 and 1956-1961 were 113 and 98 
respectively, which are known to be grossly underestimated. 


It is obvious that although mortality in India has had an 
accelerated decline during the recent years it has still not reached the 
level which Taiwan and Singapore achieved inthe early 1950s when a 
spontaneous birth rate decline in these countries began, Considering 
that the population structure in these countries are more or less 
similar to India’s in so far as allof them have an extreme young 
population, it may be fairly assumed that a similar long term and 
consistent fertility decline in India can only begin after the Indian 
mortality goes down further. 


Relationship between decline in mortality and fertility is a complex 
mechanism and cannot be studied in isolation from social and 
economic conditions existing in a country which have a significant 
bearing on family size norms and attitudes towards family planning 
practice. A comparison of India with Korea, Hongkong, Singapore 
and Taiwan with respect to some of the indicators of these socio- 
economic aspects clearly show that India is still behind the other 
countries. This can beseen from Table 4 which provides some 
comparisons among these countries, in terms of per capita income, 
index of the per capita food production, per cent literates, index of 
school enrolment ratio, newspaper circulation and radio ownership 
per thousand population, population served per doctor, nurse, 
midwife and hospital bed, and per capita consumption of energy and 
food calories. 


It may be relevant to note here the years in which the official 
family planning programme began in some of these countries and 
the existing fertility levels and trends at that time. Although the 
Indian programme officially started as early as 1952, the first 10 
years of the programme were mostly exploratory and experimental. 
This was inevitable because as a pioneering country, India had to 
step cautiously inthe matter of family planning policy during the 
early years of the programme. The family planning policy under- 
went a major shift in 1963 when the extension approach was adopted 
for the programme. It, however, took almost three years to 
implement the new approach to a reasonable extent and 1966-1967 
was probably when the efforts began to bear fruit. It may be noted 
that up to this point of time there was hardly any discernible 
decline in fertility in India. Even at the present moment, the family 
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Table 4 
INDICES OF DEMOGRAPHIC, SOCIAL AND ECONOMIC DEVELOPMENT 
IN SELECTED ASIAN COUNTRIES 


Demographic India Hongkong Singapore Taiwan Korea 
1. Population Density per sq. km. 
(1967) @@ 156 3,770 3,367 360 302 
2. Per cent living in: 
a. Urban areas (1967)@ @ 18 73 100 - 30 
b. Cities with 100,000 
population § ~ 100 32 23 
3. a. Crude Birth Rate (196))@@ 39 23 26 285 2d 
b. Crude Death Rate(1969)\@@ 16 a5 5 6 9-11 


4. Percentage of married female 
(15--44) (1969) 


a. Out of total population 


1969 17.9 1235 14,5 3541253 14.4 
b. Out of all females 15-44 
1969 84.2 62.5 12s 00-7 G72 
Social and Economic 
5. Per capita income (1966)(@ 79 298 529 199 117 
Index of per capital food (63) 
production in 1966-1968 as 
compared to 1952-1956=100@@ 97 miogee coin’ 124 
7. Per cent literates (Ages 
15+(1960—1961)** 28 71 50 54 71 
. (61) (57) (56) 
8. Daily newspaper circulation 
per thousand population 
(1965-1966) (@ 13 349 268 64 51 
(63) 
9. Radio sets per thousand 
population 1966@ 13 159 214 ~=106 63 
(64) 


10. Adjusted school enrolment 
ratio (1965) @@ 44 80 Bier} ery 72 


11. Average population 
served per (1968)@@ 


Doctor 4,800 2,300 1,800 2,300 2,500 
Midwife 9,700 _ 1,100 5,100 5,000 
Nurse 9,600 1,100 600 7,700 3,200 
Hospital bed 1,700 300 300 ~=1,000 1,300 
12. Estimated calories food 
supply (1961-1962)* 2,020 _ =. 2.350 _ 


13. Energy consumption in coal 
equivalent kg. per capita 
(1966)@ 171 655 824 706 510 
(63) 


@ United Nations - Demographic Year Book, 1967 


(@(@ Population Council Report on Population/Family Planning 
(December 1969) 


* United Nations Current Economic Development. World Economic 
Survey 1964—Part If, New York, 1965. 
ni United Nations Statistical Year Book, 1964. 
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planning programme is perhaps counteracting the increasing trend in 
fertility due to reduction of female mortality in child-bearing ages. 


The official family planning programme in Taiwan began in 1963 
and in Singapore inl965. Table 3 indicates thata consistent decline 
in fertility in these two countries had begun at least ten years before 
this date. By the time of official adoption of family planning in 
Taiwan, the birth rate had gone down to 36.3 and incase of 
Singapore it had been down to 33.1, while roughly 10-12 years earlier 
the birth rates were around 46 in both these countries. In other 
words, the individual motivations required for lowering family size 
which were most likely influenced by low mortality anda reasonable 
level of social and economic development were already existing in 
these two countries when the programme started. This was obviously 
not ture in the case of india. 


In India, some States have progressed much farther than others 
in terms of improvement of mortality conditions and certain 
indicators of modernization and urbanization, although they may not 
have reached the levels achieved by the countries discussed above. 
Taking a lead from the above discussions it may be possible to offer 
some hypotheses regarding prospects of fertility decline in some of 
these States. 


An example may be drawn from Kerala. Figures 5 and 6 show 
that although Kerala is far ahead of the country as a whole in terms 
of improvements in general and infant mortality, and has a much 
higher population density, literacy rate, newspaper circulation rate 
and proportion of institutional births, its birth rate is only marginally 
lower than that for all-India despite a relatively lower proportion of 
married females. This could be because the ‘critical’ level required 
for a spontaneous fertility decline has perhaps not yet been reached 
in Kerala. The mortality trends in Kerala suggest that they may 
reach the levels achieved by Taiwan and Singapore in the 1950s 
during the early part of the current decade. It may then be 
hypothesized that Kerala will register a sharper fertility decline than 
the country as a whole within the next ten years. 
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CONCLUSIONS 


A viable family planning programme can accelerate an already 
existing trend of fertility decline asis perhaps truein the cases of 
Taiwan, Korea, Hongkong and Singapore. When such a trend starts 
on its own, it points to certain favourable societal conditions, such 
as low mortality levels and preparedness on the part of the population 
for acceptance of family planning through individual motivation. In 
the case of India, it is easy to see that the programme has_ been 
fighting an uphill battle against many obstacles, not the least of 
which is the existing levels of general and infant mortality which are 
fairly high. It may further be argued that in this country the 
institutional, social, demographic and economic conditions have 
perhaps not yet reached the ‘critical level’ which would touch off 
widespread acceptance of family planning. Under these conditions 
and considering that the major thrustin India’s family planning 
programme came as late as 1965 or 1966, it is probably premature to 
expect a substantial decline in birth rates in such a short time. Some 
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States (example, Kerala) which have already achieved low levels of 
mortality may be expected to register a sharper fertility decline than 
the country as a whole. 


The above discussions are not intended to mean that the family 
planning programme in Indawill be ineffective until the ‘critical’ 
levels in the related factors are reached, but only to point out the 
high odds against it, the sources of which are to be tackled 
simultaneously with the family planning programme. As one of the 
preconditions for achieving a fertility decline is low mortality, it may 
be suggested that deliberate attempts at improving infant and child 
mortality through effective maternal and child care is likely to acce- 
lerate the realization of the objectives of the family planning pro- 
gramme. 


NOTE 


1 Freedman, R., “The Sociology of Human Fertility, A Trend Report and 
Bibliography ’’, Current Sociology. Volume XXI, No. 2, 1961, pp. 48. 


2 Growth of Population in India, Ministry of Health, New Delhi, 1962. 


38 Reports of the National Sample Survey for fourteenth, fifteenth and 
seventeenth rounds. 


4 World Population and Resources: A rport by PEP, George Allen and Unwin 
Ltd., London 1964. 


5 Reports of the Expert Committee on Population Projections, Government 
of India, New Delhi, 1969. 
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Effect of Declining Mortality on Fertility: 
A Study with a Deterministic Model 


Ro Ss Seo Sarma 
Introduction 


Information on length of marriage is useful for economic 
and social planning. The proportion of marriages remaining 
unbroken throughout the reproductive life has a direct bearing on the 
fertility of any community. Ina study done in India, it was found 
that the death of husband before the end of wife’s reproductive age 
reduced the average size of family by about one child!. In the same 
study, a greater prevalence of widowhood and earlier widowhood 
were supposed to have been responsible for the difference in the 
average number of children born to women in rural as compared 
to urban areas. 


As a consequence of the decline in mortality, couples marrying 
today can look forward toa longer life time together, than. those 
who married years past. In the United States, in fact it did result 
in a greater proportion of marriages unbroken by death of either 
partner. In the beginning of this century, marriages were broken by 
the death of either spouse at a rate of about 28 per 1000 a year and 
the reduction in mortality since then had brought this rate down to 
about 18 per 1000 by about 19502. 


In this paper an attempt is made, by means of a deterministic 
model, to study the effect of decline in the general mortality, on the 
average length of married life, and the level of fertility. It is also 
attempted to study the effect of changing age at marriage of wife on 
level of fertility under varying conditions of mortality. 


The present model is programmed and the computations are 
done on a time-sharing computer. 
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The Model 


Assumptions : 


The present model assumes that (i) all women marry exactly at 
a particular age, e.g., 15 years; (ii) husbands are older than the 
wives by exactly 5 years; (iii) divorces and remarriages of widows 
are nil; and (iv) reproduction takes place between 15 and 45 years 
of age of wife. 


Methodology 


The methodology adopted andthe computational details of 
the study are as follows: 


1. Average Number of Anticipated Reproductive Years: Denoting 
the probability that wife aged X _ will survive to age X+1 


by Px and the probability that her husband will survive for the 
same period by Px, we have the probability that the marriage will 
remain unbroken from age X to X+1 of wife as simply PY - Py. 
These probabilities of joint survival are applied to a cohort of 
100,000 women married exactly at age 15 in order to obtain the 
number of women in currently married state at each of the ages 16, 
ieaetc. 


The number of currently married women aged exactly X years 
are denoted by W,. The number of currently married women in 
any age group X to X +1 are worked out as equal to (Wx+W,,,) /2 
denoted by , Wx. The number of women-years of currently married 
life remaining before the end of reproductive life, is denoted, for a 

44 
wife aged X, by Tx and is given by = ,W;. Finally, the average 
LX 
number of reproductive years within marriage for a wife aged X, are 
computed as Ax = Tx/Wx. 


Since the Life Tables used here, give the numbers of persons 
at exact ages X, X +5 etc., linear interpolation is adopted to obtain 
the numbers at exact ages X, X+1, ete. 
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Computations are also made with the age at marriage of wife 
fixed at 16, 17, 18, and 19 years, separately. 


2. Level of Nuptial Fertility Rate: The number of currently married 
women aged X to X+1 is given by ,Wx for different levels of 
mortality. A fixed schedule of annual nuptial fertility rates is 
applied to the age structure of the currently married women, 
obtained above, in order to compute the number of live births in 
a year. The nuptial fertility rate is the ratio of annual number 
of live births per 1000 currently married women. The nuptial 
fertility rate so obtained, reflects only the change in the age structure 
and does not take into account the change in the proportion currently 
married. By multiplying the unadjusted nuptial fertility rate by the 
corresponding proportion currently married, the adjusted nuptial 
fertility rate is obtained. 


3. Comment on the Two Indices Proposed: The effect of declining 
mortality on fertility is, in this paper, measured by two indices: 
(1) Average number of years of married life within reproductive 
ages,and (ii) Annual number of live births per 1000 currently 
married women. 


Had detailed data been available, it would have been possible 
to consider how much increase in fertility, in terms of number of 
children ever-born, could be expected by this increased length of 
married life. Fertility of a woman is known to be function of her 
length of married life. But the exact functional relationship, even 
under non-contraceptive conditions, is difficult to assume. The 
nature of relationship can at best be analysed with the help of 
information on spacing between live births. Spacing between live 
births is not constant throughout the reproductive life of a woman, 
Spacing is believed to increase towards the end of the reproductive 
life. In addition to the increased spacing, the secondary sterility 
increases. Increased spacing and increased extent of secondary 
Sterility will contribute to a smaller rate of reproduction towards 
the end of reproductive life. In view of these considerations, 
it may not be valid to assume constant spacing throughout the re- 
productive life span and thus not possible to express the number of 
years of effective marriage in terms of number of live births unless 
detailed information On spacing in different phases of reproductive 
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life span is available. However, the foregoing discussion leads us to 
expect that, due to the declining mortality, there cannot be as much 
change in the level of fertility, in terms of number of live births, as 
there is in the number of years of married life. This fact is 
demonstrated by the second index, namely, annual number of live 
births per 1000 currently married women. 


In order that the effect of decline in mortality be correctly 
reflected in the level of fertility indicated by the second index, the 
nuptial fertility schedule used should be constant and preferably of a 
non-contracepting community. 


Data Used 


A set of 24 Model Life Tables were prepared by the United 
Nations? with expectation of life at birth ranging from 20 to 73.9 
with an increment of about 2.5 years from one life table to the 
other. Coale and Demeny* also had published four different sets 
of 24 life tables each, corresponding to the four regions, West, North, 
East, and South. 


The life tables in each set are considered as the transitional 
populations in the present study. As the method of construction 
of Model Life Tables due to Coale and Demeny is claimed to be 
better than that of the United Nations, a major part of the computa- 
tions are carried out only on the U.N. tables, but also on these four 
sets and the results are tabulated seperately for the four regions. 


The range of expectation of life at birth considered in this 
paper is from 30 to about 70 years. 


The constant fertility schedule used in this study is from a 
study on the fertility of a rural community in India, and contracep- 
tion in that community was known to be practically absent®. 


The Findings 
Proportion of Women in currently married state: 


As a result of declining mortality, characterised by the 
increase in expectation of life at birth, greater proportions of women 
remain in currently married state. It can be seen from Table 1, 


“ 
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that in the case of U.N. life tables, currently married women form 
about 80 per cent of all women in reproductive ages when e? =30 
years, and this percentage increases to over 97 when e? reaches 
about 70 years. In the case of Coale-Demeny tables, the percentage 
increases are from 80 to 97 for the West, 81 to 95 for the North, 85 
to 97 for the East and from 84 to 97 for the South. 


Table 1 


PROPORTION OF WOMEN IN CURRENTLY MARRIED STATE FOR SELECTED 
LEVELS OF MORTALITY, AGE AT MARRIAGE BEING 15 YEARS 


Proportion of currently married women in 
reproductive ages 15-44 


Value of = Ee 
e? BMCaIBAC Coale-Demeny Life Tables 
Hes West North Fast South 
30 .8099 .8038 8101 8462 8373 
[100.0] [100.0] [100.0] [100.0] [100.0] 
35 .8372 8292 .8336 8652 8589 
[103.4] [103.2] [102.9] [102.3] [102.6] 
40 .8621 8528 8550 8828 8786 
[106.5] [106.1] [105.5] [104.3] [104.9] 
45 8850 .8748 8747 8987 .8955 
[109.3] [108.8] [108.0] [106.2] [107.0] 
50 9053 3952 8919 9128 Waal 
[111.8] [111.4] [110.1] [107.9] [109.1] 
55 9248 .9140 .9079 9267 9294 
[114.2] [113.7] [112.1] [109.5] [111.0] 
601 9420 9317 *9239 9403 9444 
[116.3] [115.9] [114.1] [111.1] [112.8] 
65 2 9574 9489 9395 39533 .9602 
[118.2] [118.1] [116.0] [112.7] [114.7] 
70 8 9717 9631 9544 9661 .9734 
[120.0] [120.1] [117.8] [114.2] [116.3] 


Note: Figures in parentheses are the percentages of the value corresponding 
ty oe 30 
1, 2, *: For U.N. Life Tables, the values of e° are 60.4, 65.8, and 70.2. 
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Average length of Married life within reproductive ages: 


As a consequence of the phenomenon that greater proportion of 
women remain in the currently married state at all ages, there is an 
increase in the average length of marriage during the reproductive 
ages. From Table 2, it can be seen that in the case of U.N. life 
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tables, the average length of marriage within reproductive age for a 
girl marrying at age 15, increases from 19.6 years at e2 =30 to 28.6 
years at e? =70. Similar increases are from 19.8 to 28.4 years for 
the West, from 20.3 to 27.9 years for the North, from 21.7 to 28.5 
years for the East and from 21.3 to 28.8 years for the South in the 
case of Coale-Demeny tables. 


Table 2 


AVERAGE LENGTH OF MARRIED LIFE ANTICIPATED FOR A GIRL MARRYING 
AT AGE 15, FOR SELECTED LEVELS OF MORTALITY 


Average Length of Marriage 


Value of 
5 LEN Sate Coale-Demeny Life Tables 
a aia ee Sy ee rer 
Tables West North East South 
30 19.6 19.8 20.3 aed P13 
[100.0] [100.0] [100.0] [100.0] [100.0] 
Sh) Piel 27 2 2135 0258 22.4 
[107.7] [106.6] [105.9] [105.1] [105.2] 
40 22.4 Zoo 22.6 25r1 2350 
[114.3] [112.6] fiihe3} [109.2] [110.3] 
45 23.8 23.5 23.6 24.6 24.5 
[121.4] [118.7] Big kssed peers [115.0] 
50 24.9 24:5 24.5 Jipye 25.5 
[127.0] [123.7] [120.7] Piet [119.5] 
55 26.9 255 25.4 26.3 26.4 
[432574 [128.8] peer Bes ea iiss] 
60! 27.0 26.5 26.3 2d 2712 
[137.8] [133.9] [129.6] [124.4] M2 Tel 
652 27.9 paps) vid ball 21:8 28.1 
[142.3] [138.9] GEBies! [128.1] [131.9] 
708 28.6 28.4 219 28.5 28.8 
[145.9] [143.4] [137.4] [131.3] [135.21 


Footnotes are the same as for Table 1. 
Nuptial Fertility Rate: 


The Nuptial Fertility Rates, adjusted for the change in 
currently married proportions, are presented in Table3. The 
unadjusted rates are obtained as follows. The constant nuptial 
fertility schedule discussed earlier is applied to the age distributions 
of currently married women at different mortality levels and births 
obtained per thousand currently married women. These rates 
decrease as the value of e°® increases. This is because of the fact 
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that more and more currently married women are concentrated at 
latter ages where the chance of reproduction is relatively small. 


Table 3 
GENERAL FERTILITY RATE FOR SELECTED LEVELS OF MORTALITY, AGE AT 
MARRIAGE BEING 15 YEARS 


— 


Number of births per 1000 women aged 15-44 (G.F.R.) 


Valie-ol—-= 
e° U.N. Life Coale-Demeny Life Tables 

West North East South 

30 182.2 180.7 181.8 189.7 187.0 
[100.0] [100.0] [100.0] [100.0] [100.0] 

35 LSie7 186.1 186.7 193.6 191.6 
[103.0] [103.0] [102.7] [102.0] [102.5] 

40 192.7 191.0 191.1 197.1 195.7 
[105.8] [105.7] [105.1] [103.9] [104.7] 

45 197.2 195.4 195.1 200.3 199.2 
1108.2] [108.2] [107.3] [105.6] [106.5] 

50 201.3 199.5 198.6 203.0 202.8 
[110.4] [110.4] [109.2] [107.0] [108.5] 

55 205.1 203.3 201.7 esas: 206.1 
[112.6] [112.5] [111.0] [108.4] [110.2] 

60! 208.5 206.8 204.9 208.4 209.1 
[114.4] [114.4] [112.7] [109.8] [111.8f 

652 21156 210.1 207.9 210.9 212:2 
[116.1] [116.3] [114.4] [111.2] [113.5] 

703 214.4 21532 210.8 ry es 214.7 
[117.7] [118.0] [116.0] [112.4] [114.8] 


Footnotes are the same as for Table 
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Adjustment in the nuptial fertility rate is effected by multi- 
plying the unadjusted rates by the corresponding proportions 
currently married. The increase in the level of fertility is indicated 
by these adjusted nuptial fertility rates®. 


From Table 3, it can be seen that the general fertility rate, 
based on U.N. life tables, is 182.2 per thousand at e? = 30 and this 
rate increases to 214.4 per thousand by the time e ° reaches about 
70 years; showing an increase of 17.7 per cent. The computations 
on Coale-Demeny tables yield increases of 18 per cent for the West, 
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16 per cent for the North, 12.4 per cent for the East and 14.8 per- 
cent for the South. 


Components of Fertility Change: 


The variation in nuptial fertility rate can be accounted in this 
study, by two components: (i) variation in the age structure of 
currently married women and (ii) variation in proportion currently 
married. The nature of variation in the first component is the aging 
of population and has a negative effect on fertility while on the 
other hand the second component brings about an increase in the pro- 
portion currently married which reflects itself as increase in fertility. 
The net effect is the general fertility rate presented in Table, 3 which 
again is increasing. 


The effect of variation in age structure is much less marked, 
in comparison to that caused by the variation in proportion currently 
married. The effect of the first component is reflected in the 
nuptial fertility rate unadjusted for proportions currently married; 
and this unadjusted rate declined from 225 to 220 while the adjusted 
nuptial fertility rate showed an increase ranging from 12.4 to 18.0 
per cent. 


Shift in Age at Marriage: 


As can be seen from the foregoing results, the selection of the 
Set of life tables does not seem to make marked differences. It was 
hence decided to perform the rest of the computations on the set of 
U.N. life tables only. 


If the age at marriage for wife is fixed at 15 years, it was 
shown that the increase in the general fertility rate ranged from 
12.4 to 18.0 per cent due to an increase in e? from 30 to about 70 
years. If the age at marriage is fixed at more than 15 years, the 
per cent increase in fertility would naturally be less than the above 
values, as demonstrated by Table 4. 


It would thus be interesting to see how much increase in age 
at marriage would be necessary to keep the level of fertility below a 
desired level despite the declining mortality. The level of general 
fertility rate at varying mortality levels are presented, for different fixed 
ages at marriage, in Table 4. The values are also graphed in Fig. 1. 
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Table 4 


GENERAL FERTILITY RATE UNDER VARYING MORTALITY LEVELS 
AND VARYING AGE AT MARRIAGE, COMPUTED ON UNITED NATIONS 
LIFE TABLES 


Number of births per 1000 women aged 15-44 (G.F.R.) 


Value of 
ep Age at marriage (in years) 

(Years) 15 16 17 18 19 
30.0 182.2 180.0 177.8 175.8 174.0 
3235 184.9 182.6 180.4 178.3 176.4 
35.0 187.7 185.3 183.1 180.9 178.8 
3455 190.3 187.9 185.5 183.2 181.0 
40.0 192.7 190.2 187-7 185.4 183.0 
42:5 195.0 192.4 189.9 187.4 185.0 
45.0 197.2 194.6 191.9 189.4 186.9 
ies 199.3 196.5 193.8 191.1 188.6 
50.0 201.3 198.4 195.6 192.9 190.2 
3255 203.3 200.3 i375 194.6 191.8 
55.0 205.1... 202.1 199.1 196.2 193.2 
57.6 206.9 203.8 200.7 197.7 194.6 
60.4 208.5 205.3 202.2 199.1 195.9 
63.2 210.1 206.8 203.6 200.4 197.2 
65.8 917.6 208.3 204.9 200.6 198.3 
68.2 213.0 209.6 206.2 202.8 199.4 
70.2 214.4 210.9 207,35 204.0 200.5 


From Table 4 and Figure I, it can be seen that an increase in 
the bride’s age at marriage from 15to 19 years would keep the 
general fertility rate down to about 200 per thousand women even if 
the general expectation of life at birth increases to about 70 years. 


Comparison with Other Models 


A similar study by means of a Simulation Model was under- 
taken by Ridley and others and the results were published recently”. 


Their model includes additional factors such as sterility and widow- 
remarriage. The age difference between husbands and wives was 
set at 7 years and the maximum average length of marriage at 30.7 
years. The average length of marriage as shown by theirstudy was 
18.1, 21.7, 24.5, 26.9 and 29.0 years corresponding to e$ being 31, 41, 
51, 61 and 72 respectively. A comparison of these values with the 
findings in Table 2, of the present study seems to provide a 
satisfactory agreement. 


Se 


Riggs 


ANNUAL NUMBER OF BIRTHS PER 1000 WOMEN (GFR.) UNDER VARYING 
MORTALITY AND VARYING AGE AT MARRIAGE, BASED ON UNITED NATIONS 


GFR. LIFE TABLES 
220 
210 
Age at marriage 
of wife 
200 
190 
i160 
(70 : 
30.0 35.0 40.0 45.0 50.0 55.0 60.4 65.8 70.2 
32.5 375 42.5 475 52.5 57.6 63.2 68.2 


Expectation of life at birth (Years) 
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The methodology inthe present study permits analysis on 
women with varying ages at marriage and with different patterns of 
widow-remarriage. Inthe case of varying age at marriage, women 
with the same age at marriage can be conceived as a marriage- 
cohort and a synthesis of more than one such cohort is possible. For 
example, in a community where the marriage pattern, by the time e? 
becomes 70, is such that 25 per cent of all women marry at age 15, 
50 per cent at age 17 and the remaining 25 per cent at age 19, the 
average length of first marriage at that mortality level will be 27.2 
years on the basis of U.N. life tables. Similarly, widows remarrying 
at different ages can be entered, along with those marrying for the 
first time, at those ages of remarriage. The age-specific fertility rates 
of remarriages may be different from those of first marriages and 
data on fertility of remarriages, if available, could be used. 


Also if rates of primary and age-specific secondary sterility 
are available, they could be included in the model and the length of 
marriage accordingly computed. 


Conclusion 


As a result of the general mortality decline, greater proportion 
of women remain in currently married state at all ages and _ this 
phenomenon shows itself in the increased length of marriage. 


In view of the fact that greater proportion of women remain 
in marriage, the general fertility rate increases as mortality declines. 
However, on account of the increased sterility and the increased 
spacing between births towards the end of reproductive life and also 
due to the aging of the population, the proportionate increase in the 
general fertility rate is less than that of the average length of 
marriage for the same amount of decline in the general mortality. 


An increase in the bride’sage at marriage from 15 years to 19 
years seems to keep the general fertility rate down to around 200 per 
thousand even if the general life expectancy at birth reaches about 
70 years. 
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Age-specific fertility rates per 1000 currently married women: 


15-19 112.4 
20-24 3235 
25-29 288.1 
30-34 281.7 
35-39 2123 
40-44 100.0 


6 If age at marriage is 15 years, the number of all women and the number of 
ever-married women in the community are equal and thus the general 
fertility rate and the adjusted nuptial fertility rate become identical. 


7 Ridley, Jeane Clare et al; ‘The Effects of Changing Mortality on Natality’’, 
Milbank Memorial Fund Quarterly. Vol. XLV, No.1, Part 1, Jan. 1967, 
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The Effect of Declining Mortality on the 
Incidence of Widowhood and its 
social Consequences 


R. S. S. Sarma 
Introduction 


The life expectancy of a marriage is a very important piece of 
information from both an economic and a social viewpoint. Marriages 
may be dissolved by natural or legal means, that is, by mortality or 
divorce. The present study concentrates on marriages broken by the 
death of the husband. . The trend in the age at which the marriage 
is broken through the death of the husband reveals the lengthening 
of married life (with its economic and social implications), which has 
been brought about by the increase in life expectancy among both 
males and females. 


The dissolution of family by death of one of its members 
brings problems for the surviving members. Premature death of the 
breadwinner often creates a special hardship, to his widow as well as 
to his children. If the widow is young, there is the chance that she 
will remarry. The differences in fertility among some communities 
in India are to some extent explained by the taboo on widow rte- 
marriage. It is because of the fact that a proportion of the women 


of reproductive age are withdrawn from motherhood on account of 
this taboo!. 


The incidence of widowhood partly contributes to the problem 
of orphanhood, viz., those orphaned by the death of the father. 
Widows with small children may have to enter the labour force to 
supplement the inadequate resources. If a widow remarries, she may 
become separated from her children. In either case, they may 
become charges onthe community. They may even pose special 


problems not only of an economic nature but also of social problems, 
like juvenile delinquency. 
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To measure the extent to which the incidence of widowhood 
poses social problems, the probability of widowhood by age, will be 
an essential tool. The probabilities of widowhood by age, the 
numbers of surviving widows at each age with increasing expecta- 
tion of life, the extent of postponement of age at widowood 
caused by postponement of marriage, the average period of 
widowhood at different mortality conditions, etc., are attempted 
in this study. A very simple model has been utilised in order to 
Study the trends inthe proportion of surviving widows in the 
community, as mortality decreases and as age at marriage rises 
(there being the assumption for the sake of methodological procedure 


that marriages terminate only by death and that widows do not 
remarry). 


Methodology 
Number of widows surviving at an exact age: 


1. To study the effect of declining mortality on the incidence 


of widowhood, we are going to confine the discussion to hypothetical 
communities where: 


a) All marriages are first marriages and there is no divorce. 


b) There is a difference of five years between the ages of the 
bride and the bride-groom. 


c) The differences in mortality according to marital status 
are considered nil, 1.e., marital mortality is same as post 
or premarital mortality. 


2. We start with a cohort of 100,000 females aged 15 and 
study their marital status at subsequent ages under different assump- 
tions of age at marriage, and mortality level. 


3. The ages at marriage which have been considered here 
are 15, 20, 25 and 30 for the bride, which imply by assumption 
(b), that the ages of the bridegroom are 20, 25, 30 and 35 
respectively. 


4. The mortality levels discussed here are those given by the 
U.N. Model Life Tables corresponding to joint life expectancy at 
birth for both sexes equal to 35, 50 and 60.4 years consecutively. 
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For example, we consider the case where the woman is 
married at age 15, to a man aged 20 under the level e8 =35. Theu 
corresponding to this mortality level, we have: 


Number of females surviving from age x to age x+5, is 
given by: 


i 5 Px 
where, 


1, = number of survivors aged x out of a cohort 
of 1,00,000 females started at age 15, and 

sPx = probability that a female aged x will survive 
to age x+5. 


The number of females surviving at age x +5 with husbands is: 
le 5 Px Ae 
where, 
|.) = the number of females aged x surving with 
their husbands, 
sPis, = probability that a male aged x+5 survives to 
age x + 10 and, 


sPx = probability that a female aged x survivies to 
age x+5. 


The number of widows surviving at age x +-5 is given by: 


LE Shy be 5 Px Were 


By following this procedure, the number of widows surviving 
at different ages, has been worked out for different ages at marriage 
and at different mortality levels. The number of widows expressed 


as a proportion of the total ever-married women are presented 
in Table 1. 


Probability of Widowhood during an interval of time: During a unit 


time of the married life of a couple, five types of events can take 
place, namely — 
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i) Both husband and wife may survive. 
li) Wife may survive and husband may die. 
lii) Wife may die and husband may survive. 


iv) Husband may die first— 
both ultimately dying by the end of the interval of time. 


v) Wife may die first— 
both dying ultimately. 


The events which contribute to our problem are (ii) and (iv). 
In the case of (iv), she lives asa widow for sometime before her 
death. This consideration gains importance as the time interval 
becomes bigger. 


ber 3p. and jer be the probabilities of survival of wife 
and husband from age m and m’ to attain the ages m+x and m’+x 


respectively, and xqmandxq,,, those of death within that interval. 


The probability of wife becoming widow during m to m--x 
of her age is given by: 
jek qe according to event (ii) 
and 
k xqm xQ,,- according to event (iv) 
where k is the probability of wife dying after the death of her 
husband under the condition that ultimately both of them will die 
during that interval of time. This probability can be in general 
taken to be 0.5. But more logically one can take into consideration, 


the idea that male mortality is generally higher than female mortality 
for adult ages. Sok is taken as 


fate ll Ln a xq. -) 


Now the probability of a woman becoming widow during m to m+x 
years of her age is: 


xPm xO’ ‘+k xm xdiu- 
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In actual procedure, five year age intervals are made use of. In 
usual notation, the above probability becomes: 


Dane enue ko On eoe Car 


where 


Kemetic tee a) 


Median age at widowhood: If x; be the number of married woman 
aged 1, and pj the probability of a woman becoming widow during 
her age i to i+5, the p; x; is the number of women becoming widows 
during 1 to i+5 years of their age. 


2 pi Xj is total number of ever-widowed women. These are 
ihe 

distributed into five-year groups according to the age at which they 
are widowed (a= age at marriage of the wife). 


With these frequencies, the median age at widowhood is 
calculated and is given for different values of e® and for different 
ages at marriage of the bride, in Table 4. 


Average length of widowed life: If wx and e, are the number of 


widows and expectation of life at age x, then the mean length of 
widowed life is given by ; 


J Wx ex dx / J wx dx 
a a 


Where a is the age at marriage of the wife. The above two 
being definite integrals in practice, the values are obtained by means 
of Gregory’s Formula of Numerical Intergration?. 


Findings and Discussion 


As a result of the decline in mortality, the proportion widowed 
in the population decreases at every period of life’. However, the 
extent of decrease is not the same at all periods of life. The 
younger the age, the more pronounced is this decrease. Nevertheless, 
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the absolute number of widows mounts up at the old age, because 


the female population at the older ages is growing faster than that 
of males. 


Widowhood-incidence curve: The proportion widowed according to 
age, follows an ‘S’ shaped curve —i.e., at a given e°, the relative 
increase in proportion widowed with age is more in the case of 
middle age groups, than the younger or older groups. In the 
case of low expectations of life, the proportion of widows increases 
with age, in more or less a linear fashion ascan be seen from 


Figure 1. But as e° increases, the ‘S’ shape of the curve is more 
pronounced. 


Reproductive ages: As e° increases, we find a lateral movement of 
the curve in the reproductive ages — i.e., at the ages under 45, there 
is considerable reduction in the proportion widowed. The age at 
marriage being 15, the proportion widowed at ages under 45 is found 
to be 19 per cent at e? =35. This decreases to 10 per cent when the 
expectation of life rises to e$ =50; the proportion again decreases 
to 6 per cent due to a further rise in expectation to e§ =60.4. This 
points out a considerable reducticn in the widowhood incidence at 
these ages, showing thereby the likelihood of greater proportion of 
women passing their reproductive ages in conjugal life. 


Incidence at older ages: At the older ages also, there are reductions 
in the proportion widowed, but the relative changes are small. 
About 88 per cent of the women aged 65 and over are widows at 
e§ =35 and these will be 76 and 68 per cent for e? equal to 50 and 
60.4 respectively. The declining mortality results in the concentration 
of widowhood at the older ages. About 17 percent of the total 
widows are found at ages 65 and over for e3 =35. This increases 
to 26 and 35 per cent in the case of e8 =35 and 60.4 respectively. 


The relative imporcance of widwhood, for its social conse- 
quences, increases very sharply with each advance in age, as is evident 
from the fact that even under the improved conditions of mortality 
viZ., § = 60.4, the widows comprise a little less than one-fifth of all 
women at ages 45-54, three-fifths at ages 65-74 and more than four- 
fifths at ages 75 and over’. 


The chances of eventual widowhood: As a consequence of the morta- 
lity decline, couples married today can look forward to a longer 
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life-time together, than those who married in years past, but at the 
same time, the likelihood that a wife will eventually become a 
widow increases significantly. The probability of eventual widowhood 
under the mortality conditions corresponding to e§ =35, is 0.5729 
which rises to 0.6191 and 0.6548 at e8 =50 and 60.4 respectively, the 
age at marriage being 15 years. These probabilities are given in 
Table 2 for varying age at marriage. 


Table 2 


PROBABILITY OF EVENTUAL WIDOWHOOD FOR VARYING AGE AT 
MARRIAGE (THE AGE DIFFERENCE OF THE COUPLE BEING 5 YEARS) 


Probability of a Woman eventually becoming 


Age at marriage widow 
of female e° =35 e° —50 e? =60.4 
15 0.5729 0.6191 0.6548 
20 0.5494 0.6074 0.6486 
25 0.5257 0.5957 0.6423 
30 0.5015 0.6359 


0.5839 


Average period of widowhood: There is little difference in the average 
period of widowhood caused by the mortality decline. On the 
assumption of the age at marriage being 15, the average period of 
widowhood is 17 years for e8 =35 and 50, and 16 years in the case 
e°=60.4. The findings based on the other assumptions of the age 
at marriage are presented in Table 3. 


Table 3 


AVERAGE PERIOD OF WIDOWHOOD 


Age at marriage Average period of widowhood (years) 


(Years) e0=35 e° =50 e? =0.4 
15 L7.1 17.1 16.0 
20 15.8 15.8 15.0 
Phy, 14.7 14.7 14.1 
30 13.6 b3/ 


ahs. 
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It can be seen from the table, that the increasing age at 
marriage tends to reduce the average period of widowhood. 


The effect of age at marriage: The age at marriage has a considerable 
influence on the widowhood incidence. The increase in age at 
marriage reflects a considerable decrease in the proportions widowed 
at the earlier ages, and this difference diminishes at the later ages 
and finally vanishes at the old age (Figure 2). 


The median ages at widowhood for different ages at marriage 
are given in Table 4. 


Table 4 
MEDIAN AGE AT WIDOWHOOD 
Age at marriage Median age at widowhood 
of female (Years) e? =35 e° —50 e} =60.4 
15 42.42 54.90 61.15 
20 44.82 55.99 61.64 
25 47.14 57.04 62.13 
30 49.40 58.08 62.63 


As can be seen, for an increase of every five years in age at 
marriage, there is almost a constant number of years of postponement 
in the median age at widowhood. Onan average, there is an increase 
of 2, 3, 1.1 and 0.5 years in median age at widowhood, at ej, =35, 
50 and 60.4 respectively due to a rise of five yearsin the age at 
marriage. 


From Table 2, it can be seen that, as the age at marriage is 
raised, the probability of eventual widowhood gets reduced. This is 
in support of the fact, that the women who marry young have 
higher risk of widowhood than those who marry at an older age. 


Also, as can be seen from the previous section, the average 
period of widowhood tends to decrease as the age at marriage 
is raised. 


The Social Implications 


Dependency and economic function of the bereaved family : 
Becoming a widow entails both the personal adjustment to 
bereavement as well as readjustment to a single life again. When 
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the husband dies, the first problem which confronts the widow, 
especially if she has children, or if she has never worked, or not 
worked for many years, is a financial one. If she has children, it 
is often hard to provide for their care during working hours. This 
is because, in general, in the nuclear family economic system, the 
families are supposed to be self-supporting where adult members 
are responsible for the needs of the children. Of the great majority 
of the population living in family groups, it is the males in the 
productive years that are the prime supporters of the family. These 
are generally the husbands, and their earnings are likely to be the 
major source of family support. 


In this particular aspect, the problems vary greatly with age. 
Among young widows the situation is especially serious, for a large 
proportion of them have dependent children in their care. Without 
sufficient income, the young mother often finds herself compelled to 
seek employment, without some sacrifice to her child-rearing duties. 
While women entering widowhood at the older ages are not likely to 
have dependent childien, they are often faced with the problems of 
Self-support. Moreover, the changes of securing employment at this 
stage of life are not too good, since these women have been out of 
the labour market for many years. Also the chances of remarriage 
for older widows are quite small. They may have to be economically 
dependent on their relatives or grown up children, if any. 


Decreased family solidarity: The role of a family member exists in 
relation to fuctioning of the family asaunit. Thedeath of the 
head of the household tends to disturb this unity. The shifting of 
the roles of various members under bereavement represents a 
reshaping of the family configuration. Family conflict may develop 
aS a sequence to incompatible conceptions of the role of certain 
members under the new conditions. Such conflicts may result in 
a decreased family solidarity. Also, removal of authority of home, 
or support may lead to revision of family folkways. Maturity of 
children who lose their household head, may lead to individualism 
or turning to their own families. The crisis becomes a challenge for 
the widow to reorganise her life on a new basis. 


The extended family system acts especially in the Indian 
setting, as social security for the aged dependants. There is a feeling 
that the extended family system is gradually disintegrating. The 
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concentration of widowhood towards old age brought about by the 
declining mortality demands attention in this respect. 


The disintegration of joint family deprives the old widows of 
the institutionalised old age security. This poses a problemto the 
community, which can be met by creating some security policy 
regarding the protection of widows. 


Children in a broken family: The disturbance in the intimate group 
life of the developing child is so great when hishome life is broken, 
that special attention should be put forth to obtain the best 
adjustment. The loss of a parent removes from the childa gauge 
which has been standardized with wider social contacts and by which 
he may test the meandering of his attitudes towards life. With one 
of these controls gone, it is more difficult for the child to develop in 
conformity with established social usage. He consequently develops 
habits and reacts to social situations in ways which bring him into 
conflict with society... The extreme social restraints—the courts and 
remedial and penal institutions may be used in an attempt to adjust 
the difficulty. Due to death of the head of household, it may become 
necessary for the children to curtail the educational plans and even 
to give up the home. This-particular aspect has got an association 
with the delinquent behaviour of the children. 


While the financial loss resulting may have to be mitigated by 
insurance or such agencies, these behavioural aspects are to be taken 
care of by institutions like children’s homes, orphanages, etc. 


The findings of the present study indicate that the incidence 
of widowhood among young mothers decreases on account of the 
decline in mortality. This consequently may simplify to some extent, 
the problem of orphans. 


Health care: Advances in medical therapy and surgery have 
contributed to mortality reductions by prolonging the life time of 
persons with physical impairments. In view of the decreased family 
solidarity and the economic dependency of the widows, the need 


for provision of free medical care and institutionalization may be 
essential. 


Several writers have discussed the significance of marital role 
as a factor influencing personal adjustment. The emotional security 
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and social stability afforded by married life seem to make for low 
incidence of mental illness. The loss of spouse may be viewed as 
lending to disrupt the established modes of satisfying a variety of 
needs. It may not be out of place to point out a mental health survey 
in a noninstitutional population of females aged 65 and over, which 
shows that on a gross basis, the mental disorder rates for the widowed 
are significantly higher than those of the married®. This has been 


more or less true irrespective of the socio-economic status and 
physical health condition. 


Reproduction and fertility: The proportion of marriages which remain 
unbroken by death has a direct bearing on reproductive performance 
of the community. Ina study made in India, it wasfound that the 
death of the husband before the end of wife’s reproductive age, 
reduced the average size of the family by about one child®. A greater 
prevalence of widowhood and earlier widowhood are supposed to 
have been responsible for the difference in average number of children 
born to women in rural as compared to urban areas. 


American experience too, shows that according tothe vital 
Statistics of 1920, two per cent of the women that marry remain 
without issue merely due tothe premature death of their husbands; 
these women would eventually have had a child if their husbands had 
lived to the end of the reproductive life’. Kingsley Davis has 
pointed out that the effect of the taboo on the re-marriage of widows 
in reducing the fertility in India amounts to about 15 per cent® 


The drastic decrease of widowhood incidence in the re- 
productive ages brought about by the declining mortality is likely to 
result in increased fertility. This consideration gains importance 
while making efforts to bring down the birth rate. This in other 
words amounts to the need to accelerate the effective propagation of 
family planning. 
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NOTES 


Kingsley Davis: ‘‘ Human Fertility in India”’, Americun Journal of Socio- 
logy. Vol. 52, Nov. 1946. 


Gregory’s Formula of Numerical Integration is given by : 
a+aw 


+f f(x)dx= (dMotfy tf, te. + faey + Hf) 


The incidence of widowhood is measured by the number of widows 
expressed as a proportion of the ever-married women of the correspon- 
ding age group and is hereafter referred to as ‘proportion-widowed’. 


A stable age-structure is constructed for each of €3 =35. 50 and 60.4 


with aconstant G.R.R.=3 by means of the formulac (x)= be-™ p (x) 
(Ref. A.J. Lotka, ‘‘the Structure of a Growing Population’’, Human Biology, 
Dec. 1921). The results in the Sections 3.3 and 3.4 are obtained by apply- 
ing the widowhood proportions to these stable age-structures. 


Seymon S. Bellin and Robert H. Hardt, ‘“‘Marital status and mental disorders 
among the aged‘’ American Sociological Review, 1958. 


United Nations, Mysore Population Study, Chapter 10. 


A.J. Lotka, ‘Sterility in American Marriages’, Proceedings of the National 
Academy of Sciences of the U.S.A., Vol. 14, 1928 


Kingsley Davis, ‘Human Fertility in India’; American Journal. of Sociology 
Vol. 52 Nov. 1946. 
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Impact of Variations in Mortality on the 
Length of Working Life® 


U. P. Sinha 


Introduction 


Analysis of labour force statistics and its use in planning have 
become important in developing countries. In the recent years the 
mortality level (as measured by e°) of the developing countries has 
shown improvement and consequently more people survive to higher 
ages. Likewise worker will survive longer and will be in the work 
force for a longer period. One way of measuring the period of stay 
of the worker in the work force is the length of working life which is 
conceptually similar to the expectation of life at birth. Since length 
of working life is dependent on the mortality pattern, an attempt has 
been made in this paper to study the changes in the length of working 
life with mortality level. The change in the length of working life 
may not be the same as the change in the mortality level (e 3 ) but 
may be smaller. Further, the change in the length of working life 
may be different at lower and higher levels of mortality which also 
has been studied in this paper through models. 


Methodology 


Wolfbein’s method of estimating the length of working life is 
widely used and the same is well described in his paper'. For 
convenience sake the method is described here in short. 


Suppose x, Ix, n»Lx and e®% have the same meanings as in the 
conventional life table. Let ,W x be the participation rate in theage 
group x tox+n. Then, the number of persons in work force in the 
age group x to x-+n will be ,Lx . »>Wx and that at exact age x it will 


* This is a revised version of the earlier paper with the same title 


presented at the ‘All-India Seminar on Models in Demographic 
Analysis’’, held at the International Institute for Population Studies, 
Bombay, February 17-19, 1969. 
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be 1x times the participation rate at the exact age x. Since the 
participation rate at the exact age x isnot known, the number of 


persons in work force at exact age can be estimated by the 
relationship. 


ie — (ean . ny eos be aan nWx ) / 2n 


The above relationship holds good on the assumption that separation 
due to all causes are evenly distributed in the group. Further, to 
overcome the problem of accession in the work force in the earlier 
ages, Wolfbein has suggested the use of maximum participation rate 
at the earlier ages and it has also been assumed that there is no 
accession in the work force after reaching the age of maximum 
participation rate. Similarly, it is assumed that separation from the 
work force upto the age of maximum participation rate is due to 
mortality only and after that the cause ‘‘due to retirement’? also 
comes into picture. The length of working life at age x is given by 


co 
Gees eon Win 


=x 


The above method, which we will call Wolfbein’s method, 
considers a hypothetical population for the earlier ages as product of 
the maximum participation rate observed in the population and the 
life table population of the age group. In doing so we are including 
the period spent by the worker outside work force from the age for 
which the length of working life is calculated to the actual age of 
entry. An alternative method is to use person years spent in working 
force according to the observed participation rates. The number of 
workers at an exact age can be obtained by linear interpolation as 
given in Wolfbein’s method or the product of persons at exact age 
and the participation rate of the exact age which may be taken as 


the average of the participation rates of the corresponding age 
groups. 


Symbolically, 


| — te locen : NV gene + aie e nW: ) / 2n 
OF Ix (pWx_n + nWx )/ 2 


t=x 


Then, ey = 5 ale. aWe/ 1 
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where ,W’x are the observed participation ratesand,W, are the 
participation rates observed in the population, except that for the 


earlier ages the observed participation rates are replaced by maximum 
participation rate. 


Since the alternative method takes into account the period 
spent outside the work force for those workers who did not enter into 
the work force at the age for which the length of working life is 
estimated, the difference of the length of working life by the two 
methods will give us an idea of the average period spent outside the 
work force by such workers in the earlier ages and may be treated as 


period spent ia preparation to enter into the work force from the 
exact age. 


Selection of Participation Rates and Mortality Levels 


It is clear from the above formula that for estimating the 
length of working life the participation rates and the life table of the 
country are necessary. In the present paper the participation rates 
are selected from the ‘Demographic year Book, 1964’? and the life 
tables are selected from Coale and Demeny’s Model Life Tables?®. 
Three patterns of age specific participation rates in quinquennial age 
groups are selected such that for the same level of overall parti- 
cipation rate there will be an ‘early’, ‘intermediate’ and ‘late’ pattern 
of participation rates. The three patterns are represented by the 
participation rates (male) of Taiwn (1956), United States (1960) and 
Japan (1960). The overall participation rates of all ages, 15 & above 
and the standardized according to male life table population at 


0 


e, = 30.076, model West are given in Table 1. 
Table 1 


OVERALL PARTICIPATION RATE OF SELECTED COUNTRIES WHOSE 
PARTICIPATION RATE SCHEDULES WERE USED 


Overall Participation Rate 


Countries Year Classification All 15+ Standardized 
ages (all ages ) 

Taiwan 1956 Early 50.6 86.1 57.26 

Choe: 1960 Intermediate 53.8 78.9 56.16 


Japan 1960 Late 58.5 85.0 59.04 
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The observed overall participation rate of the three countries 
can be taken to be of the same level as the standardized overall 
participation rates are more or less of the same order. 


The male life table population of Levels 6, 14 and 23 corres- 


ponding toe 9 = 30.076, 49.560 and 71.188 are selected for our 
purpose. 


Result 


The length of working life at age 15 at different levels of 
mortality and different patterns of age-specific participation rates by 
the two methods, period spent outside the work force and in 


preparation to enter into the work force from age 15 are given in 
Table 2. 


Table 2 


LENGTH OF WORKING. LIFE AT AGE 15 AND OTHER RELATED MEASURES 


Wolfbein’s a. Alternative 
Method Method No. of years 
Participa Period spenkn 
; 0 0 : 1 ; 
pee e. Cae me Boles mips spent preparation 
"e , o K : outside to enter 
ery: eae Nigar’ Brireee work work force 
force 
Taiwan 30.076 36.59 abs 3.86 31.43 ALG 1.30 
49.560 46.64 38.95 7.69 37.59 9.05 1.36 
TLCIS8 = 258.25 44.70 [3553 43.36 14.89 1.34 
U.S.A. 30.076 36.59 34.46 cle 31.06 5.53 3.40 
49.560 46.64 41.95 4.69 38.51 8.13 3.44 
71.188 - 58.25 49.30 8.95 45.86 12.39 3.44 
Japan 30.076 36.59 Backs 1.42 32.18 4.41 2.99 
49.560 46.64 43.40 3.24 40.39 6.25 3.01 
fAbA G+ Sey Pe) 51.90 6.35 48.89 9.36 Un 


It is evident from the above that the length of working life 
increases with the increase in mortality level (e°%). Similarly, the 
number of years in retirement also increases with e8. Again, it shows 
that the participation rates have also some effect on the length of 
working life and is more visible at the higher levels of mortality. 
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The number of years spent in preparation to enter into the work 
force from age 15 forms an inverted ‘U’ shaped curve with slow 
decrease at higher levels of mortality. It also appears that Wolfbein’s 
method of estimating the length of working life gives an higher 


estimate because the period in preparation to enter into the work 
force is included. 


The change in the length of working life as measured by unit 


change in the length of working life per unit change in e°® is shown 
in Table 3. 


Tables 3 


CHANGE IN LENGTH OF WORKING LIFE WITH RESPECT TO e€° 


Change in e°® Change in €j,, 
Country 0 ii ; 
from to Wolfbein’s Alternative 
method method 
Taiwan 30.08 49.56 ais 231 
49.56 71.19 27 27 
eS2 At 30.08 49.56 38 38 
49.56 71.19 34 34 
Japan 30.08 49.56 42 42 
49.56 71.19 39 39 


It appears from Table 3 that the change in the length of 


working life increases more at low levels of mortality than at higher 
levels of mortality. 


Conclusion 


The results show that with the increase in the expectation of 
life at birth the length of working life also increases. But the change 
in the length of working life is not uniform. It is more effective at 
lower levels of mortality. For a developing country, where the ~ 
level of mortality is increasing ata faster rate, it is more beneficial 
in the sense that with the same initial expenditure on education, 
training, etc., a workman will work for longer period. For example, 
ate? =30a workman of Taiwan aged 15 years will be in labour 
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force fur 32.73 years while at«? = 50 he will be in labour force for 
38.95 years. Thus, the increase in life expectancy has given 
opportunity to the worker to work for a longer period, assuming the 
same age-specific participation rates. 


Secondly, with the increase in the expectation of life, the 
number of survivals at exact ages also increases. In the model life 
table at e° = 30 out of every 100, 000 live births only 56, 770 reach 
tierace OF 15> -Similarly, at ¢°2 = 50 and 71,779,734 ‘and 97-119 
reach the age of 15. The number of years that a cohort of 100,000 
live births will spend in the work force comes to 1,722,197; 2,898,170 
and 4,072,482 years with the participation rates of Taiwan at 
e°= 30, 50 and 71 respectively. In other words, a cohort of 100,000 
live-births in Taiwan will be in work force for a longer period by 
inlays. eycars at 62-90 than at e€° = 30. 


The increase in life expectancy also ircreases the number of 
years in retirement, but there is no significant change in the number 
of years in preparation to enter in the work force. 


Lastly, change in the pattern of age-specific participation rates 
has relatively minor effect on the length of working life at the same 
level of overall participation, specially at low levels of mortality. 
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The Scope and the Limitations of 
Model Life Tables 


Vasilios G. Valaoras 
Development of Model Life Tables 


The aim of model life tables is to make available the age specific 
mortality rates or the number of survivors to each age that may be 
expected under varying mortality conditions. If one can assume 
that mortality experience can be approximated by variation in the 
value of one parameter a single family of model life tables can be 
calculated. Attempts to summarize human mortality ina concise 
system of average sex-age patterns at various levels of force of 
mortality were repeatedly made during the last hundred years. Among 
them the United Nations Model life Tables were the first to present in a 
coherent form an integrated system of mortality patterns covering 
the entire range of variations observed in a large body of individual 
life tables from all around the world. The common observation 
that the age specific mortality curve maintains its general shape 
throughout the various levels of mortality, simply corroborates John 
Graunt’s pioneer work who reported in 1662 about the ‘‘Numerical 
regularity” of deaths and births and the ‘‘Uniformity” and predicta- 
bility’ of many biological phenomena!. With this background 
theory in mind and in view of the recommendations by the population 
Commission, first, to provide approximate mortality levels for the 
majority of the world’s populations so far lacking direct mortality 
information and second, to prepare population projections for future 
decades ona global scale, the Population Division of the United 
Nations embarked, some 20 years ago, to the task of developing a 


manageable mathematical tool in order to dispose the best it could 
with these obligations. 


The technique and the method employed in the construction 
of those models are well known. Their weakness and limitations 
were explicitly stated in the following words: The models derived 
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“are intended to approximate averages of life table mortality rates, 
by sex and age, at the various levels of general mortality... The 
rather simple formulae and the broad generalizations which were 
used in the preparation of these model life tables, permit only the 
description of an average and more or less general pattern of obser- 
vations over the whole range of variations represented. Finer 
variations in the patterns, as well as peculiarities that may occur in 
individual populations, are necessarily glossed over’’?. 


As was expected, these models were used rather extensively 
and in the course of time several shortcomings or imperfections were 
pointed out by several scholars. Criticism was focused mainly on 
two points; first, on the use of infant (and/or the early childhood) 
mortality as the starting point of the system and second, on the 
formulae used (least square second degree parabolas) for computing 
mortality rates by age groups. On the basis of rates that were found 
in the immediately preceding age group, it was argued that infant 
(or early childhood) mortality is not the best rate for this purpose, 
since it is often exposed to spurious deviations because of incomplete 
or irregular registration of both births and infant deaths. Further- 
more the system of parabolas may give erroneous predictions, mainly 
at the starting and the terminal segments of the resulting curve. Also 
experience showed that mortality schedules of some countries diverged 
markedly from the UN Model life tables. 


Among the several attempts for improving or substituting the 
United Nation’s Model Life Tables, the following are the most 
representative. Gabriel and Ronan®, using the same data as the 
United Nations, but slightly different technique, derived least square 
estimates of ,qx by means of linear regressions On qo. The resulting 


models showed lower valuesof e° for qo ranging between 0.04 
and 0.20. 


Kurup‘ introduced the effect of differential exposure of countries 
to the technological improvements, which he believed to be of funda- 
mental importance in the process of changing patterns of mortality. 
He stratified the countries (96 countries having one or more life-tables) 
from 1945 onwards) into five groups, in accordance with a composite 
index, made-up of the various components of levels of living (suchas 
literacy levels, availability of medical doctors, food per capita 
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consumption expressed in caloric terms, levels of urbanization and 
of industrialization and the per capita national income). He then 
prepared five different sets of model life tables, each pertaining to 
the specified group of countries at different stages of development. 


Finally Coale and Demeny®, after a laborious study of the 
problem, produced the most significant contribution in this respect. 
Starting from 326 double (male-female) life tables, with the widest 
possible geographical and time-span coverage, arrived by a different 
methodology toa series of model life-tables, which subsequently 
were used for the construction of an impressive number (4992 in all) 
stable populations at various rates of population increase. Guided 
by the finding that ‘‘no single parameter could fit all reliably 
documented mortality experience’’, they divided the model life tables 
and the stable populations into four separate families with respect to 
the mortality patterns, which they leveled as: West, North, South and 
East regions. Their methodology was simple and convincing: linear 
regressions by least squares of qx and log nqx on e$,, which was 
thought to be one of the most stable value in the series of expectation 
of life at various ages and levels of mortality. Twentyfour double 
(male-female) model life tables were thus prepared for each of the 
four families (region West, North, South and East), covering the 
range of expectation of life at birth for females, between e° : 20 and 
e° at 77.5 equal intervals of 2.5 years increment in e®. For males, the 
values of e?, were selected on the basis ofa typical relationship 
with the series of females (range of e? in males between 18.03 and 
73.90 years). Forthe stable populations, the range of the rate of 
population increase, expressed first in R values varies from —10 to 
+50 and subsequently in GRR values, between 0.8 and 6.0, both series 
given in 13 unequally spaced intervals. Each of the nearly 5000 
stable populations was supplied with the necessary parameters i.e. the 
resulting birth and death rates, the age structure and the more refined 
demographic indices and combinations therein. 


The Coale-Demeny models won a striking popularity among 
demographers of the world and became a standard reference book in 
almost every Institution engaged in population analysis. The simple 
methodology, the clarity of the text and above all, the great number 
of experimental model populations, together with all pertinent para— 
meters in each case, (though many of the stable populations given in 
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the book, are not likely to be duplicated by any population of today) 
account for the popularity of these models, which made a_ significant 
forward step in our understanding of mortality patterns and_ their 
demographic implications. Brass has constructed a two parameter 
system of model life tables which permits the use of clues about 
certain features of the age pattern of deaths experienced by a specific 
population. Thus a Brass model table can be constructed to yield a 
preassigned proportion surviving to each of two arbitrarily chosen 
ages. Thus if there are evidences of relative levels of child mortality 
and adult mortality, the Brass system of model life tables permits 
the selection of life table incorporating such a relationship ®. 


However, the initial scope, as set-up by the United Nations in 
the early fifties i.e. the search fora set of model life tables which 
could conveniently be applied to countries with deficient or no 
mortality data, appears hardly to be fully met by these publications. 
In fact, the concept of dividing the world populations into four 
regions or several groups, each one with a somewhat different set of 
mortality patterns although supported by actual experience, does not 
well reconcile with the expected “uniformity”? of mortality forces that 
are Supposed to weigh upon the ‘‘single and unique” human species 


now living onthis planet. It appears therefore that further 
consideration of this problem is still in order. 


One or Several Families of Model Life Tables 


A mathematical model able to rationalize population trends in 
all its components, i.e. fertility, mortality, age structure etc. for all 
countries and all times, may still lie in the realm of utopia. Relevant 
attempts from those of Gompertz and Makeham onthe theory of 
mortality till the most composite work in recent times, amply support 
the validity of this statement. The main cause of disturbance comes 
out of the frequent finding that certain population at certain times, 
diverge sharply from the expected ‘‘normal,’’ as it can be visualized 
at the present status of scientific knowledge. On the other hand, the 
fact that, for the last few generations, we live in a turbulent period of 
a violent demographic transition from a high fertility-mortality level 
towards a low one now may leave us witha certain trace of optimism 
in this respect. It may be presumed that mortality (and fertility) 
differentials, as they appear today, are byproduct of this 
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demographic transition. They probably were less evident or non-exis- 
tant at the pre-transition era and actual observations testify about the 
gradual shrinkage of these differentials in populations approaching 


the final stage of balancing mortality and fertility at the lowest 
attainable level. 


Mortality forces may be taken as Springing out from two 
different sources, the biological constitution on one hand and the 
environmental hazards on the other. Genetic and/or congenital 
misfits and the wear and tear of the living tissues, which inevitably 
occur with the advancing age, account for the so-called biological 
mortality which forms the backbone of total mortality. Upon this, 
“environmental mortality’’ is heavily superimposed, consisting mainly 
of deaths due to epidemic (infections and parasitic) diseases, to » 
malnutrition and to accidents (violent deaths). It may be reminded 
here that technology, and medical/public health progress affected, so 
far, only the environmental mortality leaving almost intact the basic 
mortality due to biological factors. 


Unequal exposure of countries or population groups to 
the beneficial effects of technological and medical progresses, 
is the cause of mortality differentials, which lay almost solely 
within the realm of environmental causes of death. Hence, 
with the rather rapid diffusion of a single human culture, including 
technology and public health protection ona global scale, it may be 
expected that most (if not all) mortality differentials will eventually 
fall to insignificance or they will vanish entirely. According to this 
reasoning it may be concluded that, one set of model life tables 
which approaches the “‘average innate mortality patterns‘’ is better 
and more manageable than many different sets, each one trying to 
approach regional or cultural deviations, which are unstable, 
incidental and temporary in nature. 


In order to examine whether the above assumption really holds 
good or not we have plotted in the adjoining charts drawn on_ the 
semi-logarithmic paper the death rates (qx) corresponding to different 
values of expectations of life at birth for each of the four families of 
models of Coale and Demeny. Two aspects of these charts are 
Striking. Firstly, the difference between the different regional models 
become smaller as the expectancy of life at birth increases. Secondly, 
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the male female differential seems to be similar in all the four 
regional models especially at higher levels of expectancy of life at 
birth. Despite these similarities between these four regional models, 
there are some interesting contrasts too. In the West and South 
Models, for example, q; is higher for females than for males at low 
levels of expectancies of life at birth, but this gradually changes and 
from expectancies of life 55 years onwards, q; for males exceeds that 
for females. A similar reversal of the sex differential takes place at 
age 45 in the East Model and at age 35 in the North Model. Similarly, 
the sex differential in q,, is reversed from one of higher female rate 
to one of higher male rate at about age 60 in the West and East 
Model and at about age 55 in the North Models. A peculiar feature 
noticed in the South Model is the higher mortality at age 1-4 
compared to age 0 when expectancy of life is low. This seems to be 
an artefact of the data used in the model. 


All these may indicate that real geographical differences do 
not exist except for the differences in socio-economic development. 
It may therefore be right to assume that mortality patterns tend 
to converge toa unique formas the socio-economic progress is 
diffused and approaches uniformly among all the peoples of the 
world. The credit for this coming event, goes to the World Health 
Organization and the other United Nations’ Agencies whose main 
preoccupation is the promotion of health and the raising of living 
standards on a universal scale. For the demographers, it may serve 
as a hint and achallenge to solve the problem of formulating a 
suitable law of mortality to which man, as a single species and with 
a similar culture is normally exposed. 


Final Remarks 


Model life-tables and stable population are similar to popula- 
tion projections, which are designed as simple guiding lines, with 
little or no expectation that living population can or will duplicate 
exactly the prescribed theoretical trends. It is a common knowledge 
that biological phenomena are not well adapted to quantitative 
analysis and almost never follow the lines of an artificial model. 
Their reactions to environmental stimuli are often sharp and un- 
predictable, but always with a tendancy to fall back to their ‘‘normal 
dynamic stability’ after the primary shock is over. 
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Differentials in mortality as they are observed today, may be 
taken as biological reactions to the stimuli of technological and 
public health advances. Theyare not stable or permanent, and 
their introduction to mathematical models, represent perhaps an 
unnecessary and futile refinement. All it is needed in this enterprise 
is to approximate to the best of our knowledge the average course 
of mortality patterns which are reasonably applicable to all major 
contemporary human population. Special parameters may (or may 
not reliably) be computed, with the view to modify the average 
pattern in particular cases, but the derivation ofthe proper para- 
meters is much more hazardous than that of the basic patterns. With 
respect to the methodology, a simple formulae such as a linear 


regression between ,»qx and ef atkey points throughout the age 


span, yields perhaps better results than a complicated one. There is 
no ideal mathematical formulae to exactly fit biological phenomena; 
both simple and complicated formulae may be equally wrong, the 
latter despite the greater effort. Finally, it is advisable that model 
life tables be revised periodically—every five or ten years—taking into 
account the continuously accumulating experience and striking out 
weaknesses that become evident in previous models. 


NOTES 


United Nations, The Determinants and Consequences of Population Trends, 
1953.0 page 25. 


2 United Nations, Age and Sex Patterns of Mortality. Model Life Tables 
for Under-developed Countries, 1955 page 20 and 21. 


3K. Gabriel and Tleana Ronen, ‘“‘Estimates of Mortality from Infant 
Mortality’’, Population Studies, Nov. 1958. 


4 R.S. Kurup: ‘Recent Trends in World Mortality and Application for 


a Revised System of Model Life Tables’’. Chicago 1964 (unpublished 
disertation) 


5 A. Coale and P. Demeny: Regional Model Life Tables and Stable Popu- 
lation, Princeton University Press, New Jersey, 1966. 


6 See William Brass et al, The Demography of Tropical Africa, Princeton. 
N. J. Princeton, University Press, 1968, pp. 342 - 440. 
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An Approach to the Revision of 
the United Nations Model Life Tables 


RS. Kurup 


Introduction 


In this paper the evolution of mortality models is briefly 
reviewed and the recent attempts at building model life tables to 
summarize the mortality patterns in different parts of the world are 
examined. The paper also presents an approach to the revision of 
the United Nations System of Model Life Tables, so as to reflect the 
realities of the present day mortality situation in different parts of 
the world. 


The models employed in mortality studies have been developed 
for three purposes, classification, description and analysis. The 
techniques forthe analysis of mortality have evolved round the 
mortality table. The computation of the first table for an entire 
nation is attributed to Per Wargentin for Sweden for the period 
1755-63 published in 1776. These life tables showed that the death 
rate of males exceeded that of females. The model which emerged 
is that of a stationary population having ahigher death rate for 
males as compared to those of females. There was, however, no 
Systematic attempts to use these models in research. These were 
used for purposes of life insurance and annuities only. Sussmilch, 
Thomas Short, Milne Kersseboomand Deparcieux exercised great 
ingenuity in life table construction. Daniel Bernouille in 1760 treated 
mortality asa continuous variable with the force of mortality 
considered in an infinitesimal interval of time. De Moivre (1725), 
Gompertz (1825) Makeham (1860) and others were interested in 
general formula of mortality applicable to the whole life span. 
Lexis (1875) and Karl Rearson (1897) investigated the distribution 
of deaths at advanced ages. Asaresult of passing of public health 
laws in England and other parts of Europe, interest in national 
life tables was aroused and most countries with the necessary data 
came forward with life tables as models of mortality behaviour. 
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These life tables were used for predicting future courses of mortality 
and for purposes of population projections. 


The analysis of mortality has been further extended to the 
construction of cohort life tables. Specific patterns or models 
emerged in respect of mortality differentials by sex, age, ethnic or 
racial origin, marital status, occupation, social class, size of 
community and place of residence (urban-rural). Euler in 1760 and 
Lotka during the initial decades of the present century extended the 
stationary model to the stable model which has provided a _ very 
useful tool for demographers for analytical research. 


Models Prior to United Nations Model Life Tables 


Notestein and others ! examined the record of past changes 
in mortality on the basis of the trends in life table death rates 
omitting the experience of the war years. The mortality tables used 
were those of the European countries having a series covering 25 or 
more years and those of Australia and New Zealand. Two generaliza- 
tions having predictive significance were arrived at. 


1. In past European experience covered by the life tables 
when death rates were high they were declining rapidly; when they 
were low, they were declining slowly. In other words the downward 
slope of the death rate was closely and positively correlated with the 
magnitude of the death rate. ge 


2. In past European experience, the relation of the height of 
mortality fora given age-sex group to the downward slope of the 
rate was much the same at the various periods studied. In other 
words, the height-slope relation was substantially independent of time. 


In view ofthese life table death rates were used to derive 
curves that described the average course through which mortality 
had moved from high to low in European experience since 1870, 
Mortality rates were projected by locating the values of the most 
recent life tables on the appropriate curve and by reading forward on 
the curve. The results gave materials for constructing life tables for 
each country for future dates. 


In the United Nations Study on World Population Trends? an 
examination of existing data on crude death rates and mean 
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expectation of life in various countries for which information was 
available yielded a rough relationship which could be used to 
estimate the expectation of life at birth from the crude death rates 
for other countries. 


By an examination of the recent trends in several developing 
countries the United Nations concluded that ‘‘Evidence of a firm 
trend of falling deth risks can be established with certainty for the 
great majority of world regions. Because of the cheap and effective 
means of disease control, mortality may decline rapidly even if it is 
initially high. An annual gain of half year in the expectation of life 
at birth is now normal, at least for expectations of life ranging from 
BUsOsoo1vears*. 


Stolnitz! derived a number of general proposition on the 
mortality trends and differentials. He found that Western popula- 
tions in their period of initial industrialization have generally 
provided a poor prognosis of subsequent trends. Within the West 
itself, developments in the last part of the 19th century were very 
different from those during the earlier decades. Socio-economic 
differences are not probably the main explanation for the contrasts. 
Also in contrast with the West, the recent improvements in life ex- 
pectancies in the developing countries are the result of innovations 
in public health rather than any substantial improvements in the 
levels of living. 


UN Model Life Tables 


The methodological exercises culminated in the construction 
of model life tables by the U.N. by fitting parabolas connecting 
successive life table mortality rates in pairs [*® °]. From the 
resulting curves the rates for specified expectations of life at birth 
were derived. The reliability of the model life tables was tested by 
comparing the shape of selected observed life tables with the model 
ones. Also, by plotting the actual observations and the trends of | 
the relation between childhood mortality and expectation of life at 
birth, the accuracy of the model life tables was checked. It was 
admitted in the U.N. study “that the rather simple formulae and 
broad generalizations which were used,for the preparation of these 
model life tables permit only the description of an average and 
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more or less general pattern of observations over the whole range of 
variation represented. Finer variations in the pattern as well as 
peculiarities that may occur in individual population, are necessarily 
glossed over’. | 


In 1958, Gabriel and Ronen * evaluated the reliability of the 
U.N. Scheme. For this, they computed the deviations of the 
estimates from the observed values of the expectations of life at 
birth and found that the model life tables tend considerably to over- 
estimate the expectation of life. Actual comparisons of model life 
tables estimates with corresponding least squares estimates showed 
that the model life tables underestimate mortality most severely 
when the expectation of life is about 55 years and overestimate 
mortality when it is below 35 years or so. 


Next, they obtained least squares estimates at each age by 
linear regression connecting infant mortality rate. They constructed 
a confidence interval for the expectation of life assuming a normal 
distribution. The wide confidence interval they obtained showed 
how unreliable these estimates would be even though the method 
yielded unbiassed minimum variance estimates. 


A Family of Model Life Tables 


The studies reviewed above did not consider the effects of 
differential exposure of countries to the technological improvement 
that are fundamental to the changing patterns of mortality. Various 
scholars have proposed a Stratifcation of countries or communities 
according to socio-economic and health conditions. Notestein® 
stressed the importance of studying mortality in the context of the 
changes in socio-ecnomic conditions. Irene B. Taeuber® also pointed 
out the need of analysis of mortality in the socio-economic context. 
The author in his recent paper stratified the countries recording to 
socio-economic and health conditions so far as data permitted and 
analysed mortality trends in these strata’®. Also, it was noticed that 
mortality trends before the second World War and after the War 
differed. It was felt necessary that a new model life tables should be 
constructed on the basis of data from 1945 onwards. The following 
paragraphs deal with the procedures adopted for stratification of 
countries and the construction of model life tables. 
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Altogether 96 countries for which relevant data are avilable 
have been considered for the stratification. The composite index of 
Socio-economic and health conditions was built by first forming the 
component indices of level of living, literacy standard, level of 
urbanization, level of industrialization and avilability of medical and 
public health facilities. In regard to the index of level of living, the 
national product per capita, though a controversial one is used along 
with the calorific equivalent of food consumed per capita. For 
most of the countries data for a long period are not available for 
constructing a dynamic index. Data available in Ginsburg'? for 
the 1950’s have been used for forming the indices. 


The index of literacy standard is taken as the per cent of persons 
who are literate, In regard to the urbanization index, the percentage 
of persons in towns or cities with population above 20,000 is 
considered. The percentage of persons engaged in manufacturing 
industries is taken as the index of industrialization. The number of 
doctors per 1000 population which alone is available is taken as 
index for health conditions. A composite index obtained by adding 
the ranks of each country according to the value of the above indices 
has been used for the stratification of countries. The countries were 
divided into five groups which are given below. It may be remarked 
here that it is not believed that this stratification is very perfect but 
whatever other stratifications which may be made will not change 
the positions of the various countries much vis-a-vis others. Also 
the conditions in the countries amply justify their being grouped as 
explained here. The scheme of ranking the countries is given as 
Appendix l. 


Stratum No. of Countries Name of Countries 


] 14 Australia, USA, Canada, New Zealand, 
Switzerland, Luxemburg, Sweden, 
Iceland, France, U.K., Norway, 
Denmark, West Germany and 
Netherlands. 


ce 15 Belgium, Finland, Venezuela, USSR, 
Uruguay, Czechoslovakia, Israel, 
Austria, Ireland, Poland, Italy, 
Hungary, Argentina, Cuba and Japan. 
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3 17 Puerto Rico, Union of South Africa, 
Panama, Columbia, Rumania, British 
Guinea, Costa Rica, Yugoslavia, Hong 
Kong, Bulgaria, Lebanon, Brazil, Spain, 
Greece, Mexico, Chile and Paraguay. 


+ 22 Cyprus, Surinam, Malaya, British 
North Borneo, Turkey, Jamaica, 
Nicaragua, El-Salvador, Dominican 
Republic, Equador, Portugal, 
Phillipines, Iraq, Guatamala, Peru, 
Honduras, Egypt, Ceylon, Syria, Taiwan, 
Thailand and South Korea. 


5 28 Algeria, Saudi Arabia, Morocco, 
Ghana, Rhodesia, Zambia, 
South Vietnam, Tunisia, Indonesia, 
Siberia, Iran, Sudan, Congo, Jordan, 
Libya, India, Nigeria, Former Portugese 
Africa, Bolivia, Former British East 
Africa, Former British West Africa, 
Former French Equatorial Africa, 
Paskistan, China, Afghanistan, 
Ethiopia, Burma and Nepal. 


The five strata of countries can be classified in terms of economic 
development as 
(1) the most developed countries 
(2) the developed countries 
(3) countries of medium development 
(4) already developing countries and 


(5) recently developing countries. 


Analysing the mortality trends in the recent decades in the 
various classes of countries certain broad features have been 
delineated. The stratification herein suggested thus provide a 
model for the study of mortality trends. 
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Revised Model Life Tables 


Model life tables were prepared for each of these strata by 
considering the available life tables from the year 1945 onwards. 
Each age-specific rate except the first two was connected to the 
previous two rates by a linear relation whose constants were obtained 
as least Squares estimates. The first two rates were connected by an 
exponential relation as seen from thetrend of the values in the 
various strata. The main functions of the life table were calculated 
by assuming the infant mortality rates, based onthe empirical rela- 
tions worked out, The values of the survival probabilities are given 
in Appendix II for the recently developing countries for selected 
levels of expectation of life at birth for males and females. The 
other values are not reproduced here as they run into several pages. 
The survival probabilities for any intermediate level can be computed 
by linear interpolation. 


A comparison of the United Nations Model Life Tables 


values with the revised ones shows that many of the defects in the 
UN tables do not appear in the revised ones. 


360 


APPENDIX I 


SCHEME OF RANKING ADOPTED FOR STRATIFICATION 


1. Per capita Gross National Product Rank 
Above — 1000$ i 
700 — 1000$ 2 
500 — 700 $ 3 
300 — 500 $ 4 
200 — 300$ 5 
100 — 200$ 6 
Below — 100$ 7 
2. Per capita consumption of food 
Above 3000 calories ] 
2500 cal. — 3000 cal. 2 
2000 cal. — 2500 cal. 3 
Below 2000 calories 4 
3. Per cent urban in cities with 
20, 000 population or more 
50 % and above 1 
40 % —50% 2 
30% —40% 3 
20 % — 30% 4 
10% — 20% 5 
Below 10 % 6 
4. Literacy standard 
90 % and above 1 
75 % —90 % 2. 
50 % — 75% 3 
40% —50% 4 
30 % — 40 % 2 
20% —30% 6 
10% —20 % ‘1 
Below 10 % 8 
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Per cent Industrial (engaged in 
Manufacturing industries) 


10 % and above 


Below %2% 


Number of Doctors per 1000 persons 
1 and above 


.) to al 

eLto > 

.O5to al 
Below .O5 


Sum of ranks (Composite index) 


6 — ll 
12 — 16 
Wasa 
22 — 27 


28 and above 
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Graduation of Life Table Functions 


S. Mitra 
About a Few graduation Techniques 


Application of mathematical models on mortality functions 
perhaps dates back to 1825 when Gompertz proposed a model 
suggesting a geometric progression of mortality with advance in 
age. His logic was that man’s ability to resist his destruction 
decreases continually with increase in age and further his assump- 
tion of this pattern was that this decrease within a small interval 
of time is proportional to the level of that rate!. Makeham?, 
working in 1860, modified Gompertz formula by adding a constant 
and later, Perks® in 1932, suggested another improvement by using 
a logistic approximation. It is well known that these models 


cannot adequately reproduce the life table functions at either 
extreme. 


Recently, Hyrenius* has presented a life table technique for 
the working ages (15-80) that can be used to generate an inte- 
grated formula system for age-specific death rates, survivals and 
expectations of life on the basis of the assumption that the central 
mortality rate mx can be expressed satisfactorily by means of a 
polynomial. | 


In fact however, the method described by Hyrenius is 
at most an alternative of the formula developed by Reed and 
Merrell? relating the central mortality rate with the probablity of 
dying. While Reed and Merrell’s method was derived primarily 
from empirical investigations, their results were found to be an 
approximation of a more general relationship between mx and qx 
shown later by Greville®. Further, ti is not clear whether the 
method is presented by Hyrenius can produce better results than 
those obtained by using the Reed- Merrell method. The latter 
seems to have certain advantages from the computational point 
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of view besides the strong theoretical justification of the mathema- 
tical relationship between the two functions. 


The derivation of life table functions from the central 
mortality rates has been considerably standardized and the com- 
puters can easily take care of the routine mathematical operations. 
What seems more important is the construction of an approximate 
version of a life table mortality statistics are either not available 
or are not accurate enough for the determination of central mor- 
tality rates. The United Nations? and later Coale® have made 
available a set of model life tables from which one can select 
the life table that corresponds with the infant mortality rate or 
the expectation of life at birth of the country in question. Because 
of proven regularities of the life table functions, an estimate of 
any of these two functions can be used to reproduce the entire 
life table with a reasonably high level of accuracy. 


Method Based on Expectations of Life 


The present investigation deals with a method of deriving 
life table functions that begins with the other end of a life table 
namely, the column showing the expectation of life. It has first 
been shown that the logarithm of the expectation of life e? can be 


expressed as a polynomial in x and for ages 5 and over, a qua- 
dratic provides a reasonably good approximation for the same- 
Using the model life tables for empirical verifications, it has finally 
been shown that starting with an initial value of e°, one may 
construct the entire set of e® values and subsequently, the entire 
life table. Needless to say, that like model life tables, these tables 
will also represent the normative values and hence will be quite 
unique in nature. However, unlike the model tables, the para- 
meters estimated in this series of tables are somewhat flexible and 
therefore, can be subjected to alterations, generating different life 
tables in the process. For the sake of continuity, some of these 
results shown earlier by Mitra? are summarized in the following. 


Where 1], is the probability of surviving from age 0 to age 


Krand T, = je l.dx, a being the upper age limit and 
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ey = Tx/ 1x, the derivative of e° with respect to x, namely 


de® / dx becomes equal to 
(deals acted te 11.) dla) dx 
Since dT, / dx = —l, and the force of mortality 
px = —/1/1./ dlx / dx, the above derivative can be written as 


de® fidxa= 460 eh 


(1) 


It is known that the patterns of e§ and px are opposite 


each other. The life expectancy increases from age 0, attains a 
maximum usualiy before age 5 and declines thereafter. yp» on 
the other hand declines from age 0, assumes a minimum value 
usually in the age interval 8 to 12 and increases thereafter. Both 
eo and yx have one optimum and clearly from (1) the maximum 


value of e° corresponds to some x=X, at which ep = I/yp,. 
From the inverse relationship between p, and eg and also from (2), 


pe May be written as px = 1 / ef + ¢’ (x) (3) 
where 9’ (x) = do (x)/ dx and 9’ (xX) = 0 
Equation (1) can therefore be rewritten as 
der Wdxe=seono «(X) orelogy-e. "—=n.07(x) (4) 
including in » (x), the constant of integration. 
PMereLores 0. = oP (x), (5) 
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The model life tables prepared by the United Nations have 


been used to generate the values of X and eS through free hand 


graduation of 1 / e2 and qx (probability of dying at age x) in the 
age interval 0 to 5. The point of intersection X¥ and the values 


of eS and e® are shown in Table 1 covering a wide range of 


mortality patterns. 


abie-n21 


MAXIMUM MALE LIFE EXPECTANCY es AT AGE X e€8 AND €; FOR A 


FEW MODEL LIFE TABLES 


Model life fe) 0 0 
table number X Se © Cs 
(1) (2) (3) (4) (5) 

10 4.5 38.1 24.8 38.1 

ED 3.6 43.8 319 43.7 

40 2.8 49.5 39.2 49.1 

55 2.6 55.6 46.4 54.0 

70 2.0 60.5 53.6 58.6 

85 ta 65.0 61.5 62.6 

100 0.9 69.9 68.5 66.3 


The sharp increase in life expectancy from age 0 to X is 
worth noting. So is the declining trend of ¥ with increase in e9. 
The decline of ef aftere2 is slow as revealed by the difference 


of eS and e° which indicates that a graduation model for e2 using 


a few parameters is worthy of investigation. If such a formula 
can be found for say ages 5 and above, then that model together 
with ef and eg will provide a reasonably complete picture of e2. 


Obviously a graduation formula covering the entire age range will 
have to depend upon a larger number of parameters because the 
behavior of e2 at the childhood age shows a sharp reversal of the 


pattern. 
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Accordingly, for ages 5 and above, equation (4) has been 
assumed to have a Taylor expansion, i. e. 


fOfeC le ay PDK ebcKe et, oe (6) 


The assumptions seem to hold because the curves of e? are conti- 


nuous in the pr2scribed range and there seems to be no evidence 
that the derivatives do not exist. Further the second differences 
of loge e? based on model life tables are found to be quite small 


and can be regarded as constant for all practical purposes. 
Therefore a quadratic approximation, i. e. 


lopee® Aca etibxe-eecx? (7) 
should be satisfactory. The constants estimated by the method 
of least squares are shown in Table 2 where for the logarithms 
of e2 the base of 10 rather than e has been used. 

Table 2 


PARAMETERS OF THE QUADRATIC APPROXIMATION OF LOG ey” FOR A FEW 


MODEL LIFE TABLES FOR THE MALES 


Mortality level a bx 102 cx 108 


(1) (2) (3) (4) 
eee prea aee  ee eee 
10 1.5984 — .433 —.102 
25 1.6467 — 313 —.119 
40 1.6922 —.251 —.127 
55 1.7375 —.253 —.128 
70 1.7644 —.194 —.134 
85 1.7942 —.193 —.134 
100 1.8233 —.223 —.130 


The estimated values of c are sufficiently small as these 
were expected to be. The values are negative, show a slowly 
declining trend and a sign of increase at the end. b, which is 
also small and negative, appears to be.an oscillating but dimini- 
shing function of the levels. The increasing trend, of a is however, 
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more regular Obviously, the estimates of these parameters, being 
dependent upon the model life tables, are subjected to the defects 
of those tables and hence should not be regarded as final. For a 
thorough analysis the parameters may be allowed to vary within 
tolerable limits and the results may be checked for consistancy by 
comparisons with other life table functions. So far as the model 
life tables are concerned, the life expectancies reproduced from 
the estimated parameters compare favourably with the actual values. 


Derivation of Other Life Table Functions 


It is apparent from the results presented earlier that an 
alternative method for constructing model life tables can be for- 
mulated if it can be shown that the information about e? is 


sufficient to generate other life table functions. Fortunately, Tx 
can be determined directly from e2, when J, can be obtained from 


leis) © and hence the entire life table can be completed. 
This is so because 


Week Cree (a Ndele dx=log. Gl 7 /tE (8) 
X1 X} X1 X2 
Since T, = 1], e? is known for a given model table, any T, can be 


solved from (8) by putting x, = 0 and x, = x provided the 
integral on the left hand side of (8) can be evaluated. 


The values of e® can, however, be used to solve the above 


equation by numerical integration. It has been found that the 
approximation by trapezoidal rule even for five year intervals 
beyond age 5 is quite satisfactory. Thus for 


Ree wan Cux > Xe. 5==-D) 

ot Meee N= F (x,-x (fer Fiye “ig 
X1 X2 X1 X9 ( ) 

For the first age interval (0, 5), in which e° generally 


assumes its maximum value at x, the recommended procedure 
is to use a quadratic approximation of 1/e° for each of the 


two subintervals (0, ¥) and (xX, 5), with or even without any 
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correction for equalizing the derivatives at x. In each of these two 
cases, the quadratic is assumed to produce a minimum value at x, 
thereby reducing the number of parameters from three to two. 
The parameters can therefore be estimated from the given values 
of e° at the two boundaries. Thus writing the quadratic 


eet Cee eX ce DX (10) 


and subjecting the equation to the condition that the minimum 


value is assumed at X, the requirement for which is 
n = —2px (11) 


the integral in (8) can be written as 


FF 1 [eS dx = f8 [m-px (28-x)] dx (12) 


for the interval 0 to x. Since e°® and eo are known, the para- 


meters can be solved from (10) and (12) can be evaluated. The 


same procedure may be applied to the interval (x, 5). 


The equations (8) to (12) have been examined in some 
detail to verify the utility of this approach. For that, the model 
life table for males corresponding to level 70 (e%§ = 53.6) has 
been selected and the results shown in Table 4. This table has 
a life expectancy (combined for the two sexes) of 55 years 
which seems to be quite close to the value of that index in 
India at the present time. 


It may be pointed out that the life expectancies were 
computed by rounding off at the first decimal digit and accor- 
dingly there is no sense in carrying out the computations of 
], with a radix of 100,000. A radix of 1,000 has therefore been 
chosen for which the two sets of figures demonstrate considerable 
closeness. It~seems certain that the figures would be a lot closer 
if the computations of life expectancies were carried out to a 
few more significant digits and the numerical integrations were 
based on intervals shorter than five years. 
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Table 4 


GRADUATED VALUES OF lx, COMPARED WITH MODEL VALUES FOR MODEL 
LIFE TABLES LEVEL NUMBER 70 FOR MALES 


1000 Tx 1000 |x 
Age x e° Graduated Graduated Model 

(1) (2) (3) (4) (5) 
0 53.6 y3-505 1,000 1,090 
58.8 52,644 895 882 

5 56.4 49.186 872 840 
10 53.9 44,920 833 828 
15 50.7 40,821 805 ° 819 
20 47.0 36,844 784 806 
25 42.9 32,958 768 787 
30 38.5 29,138 fea 767 
35 34.0 257390 746 748 
40 297 21,668 730 726 
45 25.4 18,052 Thal 699 
50 21.5 14,564 677 665 
55 17.8 11,624 633 620 
60 14.6 8,249 564 561 
65 11.8 5,624 477 484 
70 9.4 3,488 371 387 
75 7.3 1,898 260 274 
80 5.6 862 154 162 


Summary and Discussion 


The model life tables prepared by the United Nations were 
based on a study that showed that the shape of the mortality 
curve is retained at all mortality levels and the infant mortality 
rate alone is generally sufficient for generating the entire mortality 
curve. The study reported here is based on the finding that the 
life expectancy can be regarded as an exponential function of age 
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and for all practical purpose the logarithm of the former can be 
approximated by quadratic equation of the latter variable namely, 
age for the entire range except the childhood interval of less than 
5 years. This age interval (0-4) also includes the age at which 
expectation of life assumes its maximum value and that age 
approaches the age 0 with increase in life expectancy. The model 
life tables were used to determine this age, the maximum life 
expectancy and the parameters of the quadratic equation for a 
number of levels, and the results were quite encouraging. Finally, 
it has been shown that a set of life expectancies is theoretically 
sufficient to generate the entire life table. The conclusion can 
therefore be drawn that while the expectation of life at birth, 
from the point at view of its definition uses the entire information 
of the life table, it can also be manipulated, under certain empiri™ 
cal conditions, to release all the information that it used with 
virtually little or no loss in that process. 
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Mortality Projections for India upto 1985 
I Ggyay Gnanasekaran* 


Mortality projections, besides its several uses in public 
health administration and planning, are foremost needed in pre- 
paring population projections for acountry. About thirty years 
ago, the techniques of population projections involved extrapolating 
past trends using at best the Jogistic formula. Projections 
based On such mathematical methods attracted greater notice 
for their pitfalls and led to the development of the new 
approach to population projections based on the component method!. 
The use of this method enabled and consequently, led to further 
advances in regard to the techniques of projections of the two 
components of mortality and fertility. These methodological deve- 
lopments depended upon a long and reliable time series of vital 
Statistics in addition to periodic population censuses. 


For countries not having enough data, the component method 
is nevertheless adopted these days almost without exception for mak- 
ing population projections. This has given rise to undue confidence 
among the users, both ingovernment and industries, in the quality 
of projections and as a sequel great disappointment when they are 
found off the mark by a later census. Therefore, side by side the use 
of component method, the quality of population projections must 
be greatly stressed at every stage of work. Improvements in the 
quality of projections can be largely achieved firstly by ensuring 
greater accuracy of projection inputs (i.e., base population data, 
mortality projections and fertility projections), and secondly, by 
evaluating more carefully the projection results to make sure whether 
they are internally consistent and in conformity with past trends, 
patterns and socio-economic changes?. 


* ‘The author alone is responsible for the views and projections presented 
in this paper. Acknowledgement is made to Dr. K. E. Vaidyanathan 
for many suggestions and to Miss Sohair Fouda who cheerfully calcu- 
lated all the life tables given here. 


SUT 


In this connection, the objectives of the present paper are 
twofold: 1) to examine the quality of mortality projections used 
in the previous official population projections for India, and 2) to 
suggest, in the light of above appraisal, new approaches that will 
improve a great deal the next and subsequent series of mortality 
projections and hence, the population projections for the country. 
Towards achieving the second objective, a series of mortality pro- 
jections for India through 1985 is prepared here. It is, however, to 
be cautioned at the beginning itself that these projections are merely 
tentative for reasons that are pointed out in the following pages 
and need to be further refined on the basis of additional and/or new 
data that may become available in course of time and enable more 
detailed studies from the point of view of short and long term 
mortality projections. 


Past Projections of Mortality : An Appraisal 


An appraisal of mortality projections may be carried in respect 
of a) the bench-mark data or life table used and b) the technique 
followed to project mortality or more precisely, the survival ratios 
(Px). Since 1951 census, several population projections had been 
made for India. Excepting Coale and Hoover’s, the mortality 
projections underlying most of them rested on the census life tables. 
These life tables, inspite of the careful efforts by the actuaries to 
rectify the defective age-sex data of the censuses, are still exposed 
to serious weaknesses and criticisms. To cite Coale and Hoover, 
** the detailed shape of survivorship function really depends on how 
the life table constructor chose to smooth the raw age distributions 
that he dealt with. One result is that a comparison of successive 
Indian life tables reveals a very erratic behaviour in mortality by age. 
In short, the death rates at particular ages in the Indian life tables 
are as much determined by the way in which the original data were 
processed as by the real underlying mortality pattern in India ’’- 
Therefore, Coale and Hoover constructed new life tables for use in 
their population projections for India‘. 


To examine the official mortality projections, it may be noted 
that the projections adopted by the Expert Committees set up in 
1958 and 1963, also depended on the census life table as the starting 
point for the projections. From the view point of projections, 
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beside its inherent weaknesses, the Indian census life tables reflect 
the mortality conditions of a decade, and hence may not be 
considered suited as the bench-mark for projections especially during 
the transition period. Life tables relating to a recent and short 
period, say, one year or an average of three or even five years may 
be preferred in order to ensure greater precision in the estimates. 


The technique of mortality projection adopted by the Expert 
Committee depended heavily upon the U.N. Model Life Tables. 
It involved, in the first place, an assumption that the expectation of 
life at birth in future years would increase at the rate of say, 0.5 year 
per annum upto n (say 60) years at the end of projection period °, 
and in the second place, selection if necessary, by linear interpolation 
the appropriate U. N. Model Life Table reflecting on expectancy in 
this case of n years. The Px values for the intervening years were 
obtained on the basis of linear interpolation of the Px values of the 
census life table and those of the assumed Model Life Table. An 
alternative approach is to assume the percentage decline in the Px 
values for each age-sex category observed between two models (say, 
that between ej =35 and e° = 60) and apply it to the Px values for the © 
base period obtained from the census life table. 


Under this method of projection, it could happen that the 
pattern of mortality curve in the base year (i.e., census life table) 
may be different from the assumed model pattern for the end of 
projection period, and more often than not, the evolution of future 
mortality may not proceed along the path implied by this simple 
assumption in overall terms. Some specific rates in the base year 
could be even lower than the assumed rates of the terminal year, 
reflecting an increase in mortality for the concerned age group. 
This is an extreme situation; othertimes, it could happen that the 
rates of reduction under this method may not be consistent say 
between the two adjoining age groups or between the sexes. In short, 
the procedure so far adopted bears the risk of violating the ‘‘ height- 
slope ’’ relationship that had been observed before with regard to 
mortality decline in Europe, and is generally anticipated elsewhere 
including IJndia®. Therefore, instead of resting heavily on model 
patterns, it is necessary in future to prepare mortality projections 
independently based on national statistics and knowdedge about 
soci0-economic conditions and health development in the country 
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and its regions. The Model Life Tables should rather serve the 
purpose of evaluating the independent projections for its quality 
and/or any serious inconsistencies present in them. 


Bench-mark Life Table for Present Projections 


. In India, recently, a new data scheme called the Sample 
Registration System was experimented on a pilot basis in 1964-1966 


and has since been extended to all states and most of the Union 
Territories 7. The SRS combines the continuous enumeration of 
events in the sample area with an independent survey at six months 
intervals. The simultaneous use of both enumeration and survey 
methods carries the advantage of detecting events missed by either of 
the two sources and provides an unduplicated count of the correct 
number of events. The results obtained from the SRS have been 
so far encouraging® and hold great potentialities for precise assess- 
ment of mortality situation in India. 


For the purpose of mortality projection, a current life table® 
is of course ideal and recently, Vaidyanathan and this author. 
taking advantage of the SRS data, constructed a life table for India 
for 1968-19661°. This life table was founded on the age-sex 
specific death rates or ,mx values from the SRS for rural India in 
1968 and 1969, and for urban India in 1969 that were combined by 
using a set of weights!! to provide the all-India rates. The combi- 
ned specific rates for all-India exhibited certain irregularities attribu- 
table largely to the misreporting of ages. Therefore, the rates were 
smoothed!” before computing the current life table for India for 
1968-1969 on the basis of the Coale-Demeny method’ ®. 


This current life table for 1968-1969 given in Table 2, was 
adopted in this paper as the starting point of mortality projections. 
While this is a definite improvement over the earlier dependaace on 
the census life table, it must be pointed that the exact level of infant 
and childhood mortality may still be subject to some error and Calls 
for refinement on the basis of additional data and studies. 


Trends in Mortality 


It is now a well-known phenomenon that the death rate had 
declined more rapidly in the last two or three decades in almost all 
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high mortality societies. Based on statistics of the countries for 
which data are more accurate, this decline implied a gain in expecta- 
tion of life at birth of atleast 0.5 year per annum. Table 1 presents 
the trends in expectation of life at birth in selected countries as they 
progressed from high to intermediate regime of mortality. Before 
the Second World War, the highest average annual increase in life 
expectancy was 0.4 years observed during 1920-1930 in the present 
developed countries. After 1945, the gain of 1.8 years in Ceylon was 
spectacular and far exceeded the pre-war average. In _ other 
countries, too, that experienced mortality transition during the past | 
two decades, the annual increase in expectation of life at birth was 
estimated to be greater than one-half year per annum. 


Mortality in India had also undoubtedly decreased steeply 
after 1951 as evident from the rapid increases of population in 
the 1961 and 1971 censuses. The exact magnitude of drop in 
mortality is, however, unknown and estimates vary  consider- 
ably from one study to another. The uncertainty will continue 
toa large measure till the 1961—1970 census life table is pub- 
lished. Assuming that the previous two census life tables of 
1941—1950 and 1951—1960 were subject to the same degree of error, 
the gain in expectation of life at birth may be se2n to average about 
0.9 year per annum in India. (Table 1) 


Between 1956 (1.e., mid point of 1951-1960) and 1968-1969, 
the increase in expectation of life at birth, using the values of current 
life tables, amounted roughly 0.6 year for males and 0.7 year for 
females per annum. The unprecedented rise in life expectancy in 
recent years has been the result of great advances in the technology 
of disease control, international cooperation and of the high priority 
given to public health programmes by the national governments. 
As a result, though annual gains of the order of even more than 
one year in expectation of life at birth were reported for some 
countries, it must be noted that these are small countries compared 
to the size of India. Further, the socio-economic conditions of 
people and literacy levels of these countries are more favourable than 
those obtained in India, and hence, it is hypothesized here that such 
spectacular gains as witnessed in Ceylon or other relatively more 
advanced countries, cannot occur in all parts of India. For the 
purpose of projections, therefore, it is assumed in this paper that, the 
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Table 1 


ACTUAL OR PROJECTED GAIN IN EXPECTATION OF LIFE AT BIRTH (e€2) 
IN SELECTED COUNTRIES, 1900-1985 


—— a a 


Average annual gain in 


Country Expectation of life at e° since preceding 
and birth (e2) in years period (years) 
Period By ork er! A Ge a ae vo ene arr 
Males Females Males Females 
Ceylon 
1945-1947 46.8 44.7 
1952 57.6 55.5 1.8 1.8 
1962 61.9 61.4 0.4 0.6 
India 
1941-1950 3255 Siler 
1951--1960 41.9 40.6 0.9 0,9 
1961-1965a 48.7 47.4 0.9 0.9 
1966-1970a SRF 51.9 0.9 0.9 
1971-1975a S165 56.0 0.8 0.8 
1976-1980a 61.1 59.8 0.8 0.8 
1981-1985a 63.1 61.8 0.4 0.4 
Tailand 
1947-1948 48.7 51.9 = se 
1960 53.6 58.7 0.4 0.6 
Egypt 
1965 45.5 48.3 nae oe 
1985a eu fal, 60.5 0.6 0.6 
European’ 
Countries and USA 
1900 50.5 0.4 
1910 54.3 0.4 
1920 58.3 0.3 
1930 vie? 0.3 
1940 64.6 0.3 


a Projected values. 


b The countries include Denmark, England and Wales, France, Netherlands, 
Norway, Sweeden and the USA (Massachusetts state only). 


Sources: United Nations, Demographic Year Book, 1966, pp. 572-574; 
India, Office of the Registrar General, Report on the Population 
Projections, p. 29; Cairo Demographic Centre, Demographic 
Meosures and Population Growth’in Arab Countries, 1970, p. 274; 
and United Nations Population Bulletin No. 6, 1962, pp. 40 and 49. 


future improvements in mortality will be moderate and that, the 
overall gain in the expectation of life at birth will be about 0.6 year 
per annum till it reaches the mark of 60 years. The increase there- 
after is anticipated to slow down depending upon the substantial 
progress in the living condition of the people. 


Projection Technique and Results 


The method of translating the assumptions regarding future 
mortality trends was emphasized earlier as an important factor 
in enhancing the quality of projections. In this connection, the 
technique followed in the official projections was considered unsa- 
tisfactory by the present author. This paper, too, lacking a 
time series of accurate mortality statistics or current life tables, 
resorts to model life tables (Coale-Demeny West) but; differs 
regarding the procedure followed so as to improve the projec- 
tions. 


According to the present method, the West model levels 
(see Table 2) by age groups and sex of the current life table for 
India 1968—1969 were raised by one to obtain the mortality 
levels for each age sex group for 1972—1973. One level for 
every four years was adopted to project the assumption made 
earlier of an increase of 0.6 year in expectation of life at birth 
per annum orabout 2°5 years in four years. The procedure was 
repeated to create the life tables for 1976—77, 1980—81 and 
1984—1985. Thus, the projected life table for 1984—1985 will 
show an addition of four to the initial levels for 1968—1969. 


From the standpoint of preparing population projections, 
the survival ratios are only required. Therefore. the qx values 
corresponding to the projected levels for 1972—1973, 1976—1977, 
1980—1981 and 1984—1985 were read off from the Coale, 
Demeny West model life tables and then the life tables were 
calculated by following again the Coale-Demeny method. From 
these life tables by sex, the survival ratios for different periods 
were derived using the standard formula, i.e., Px=p»bx+5/abx. 
These values and other important life table fuctions are given in 
Tables 3 to6 and Figure 1. 
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According to the present projections, the expectation of 
life at birth in 1984—1985 will be about 60.1 years for males 
and 60.6 for females or an addition of 9.7 and 10.7 years 
respectively in 16 years (see Table 7.) This assumption implylng an 
annual gain of 0.6 year may be considered rather conservative 
by other demographers or it may be necessary especially for 
Short term population projections to include alternative assump- 
tions. As an alternative variant Table 3, 4,5 and6 can be 
assumed for the periods 1971—1972, 1974—1975, 1977—1978 and 
1980—1981 respectively reflecting an increase in the expectation of 
life at birth of 0.8 year per annum. The P, values for the 
intervening years can be obtained by linear interpolation. 


Table 7 


PROJECTED EXPECTATION OF LIFE AT BIRTH BY SEX FOR INDIA 
1968—1969 to 1984—1985 


Expectation Increase Expectation Increase 
of life since of life since 
Period at birth preceding at birth preceding 
[ in years | period [ in years | period 
[ in years ] _[ in years | 
MALES FEMALES 
1968—1969 54.4 hy 49.9 aha 
1972—-1973 52.8 pelea Ue 59-5 2.4 
1976—1977 pp yy 2.4 ape 2.8 
1980—1981 57.0 2.4 57.9 2.6 
1984—1985 | 60.1 23 60.6 2E 


Source: Based on Tables 2 and 3 to 6. 
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Concluding Remarks 


The main objective of this paper is to stress the need for 
improvement of mortality projections underlying the official popula- 
tion projections for India. Towards this goal, a new approach 
was made here to prepare tentative mortality projections for 
India through 1985. This approach differed from the earlier 
ones in respect of a) the bench-mark life table (i. e., a current 
life table instead of the census life table) used for projections 
and b) the technique of projections. More refinements in both 
these directions are essential over the coming years. 


To concentrate here onthe improvement of technique of 
projections, twointerrelated aspects must be paid great attention. 
The first relates to the assumptions regarding future mortality 
trends, and the second concerns the technique of translation of 
different assumptions into life table functions in particular the 
survival ratios or P, values. In this paper, the mortality assump- 
tion was made interms of annual gain in the overall expecta- 
tion of life at birth and for translating it into survival ratios, 
resort was made to the Coale-Demeny West model life tables. 


Although the adopted technige manifests certain advantages 
Over the previous methods, it is not very satisfactory except 
perhaps in the immediate short period. For, as pointed before, 
this author believes that the mortality pattern and therefore, the 
speed of decline of specific mortality rates may differ in individual 
countries from that embodied in the model life tables. There 
fore, asatime series of reliable mortality data becomes availa- 
ble sequel to the development of the SRS and the improvements 
under way in the vital statistics system, the trends in specifiic mor- 
tality rates of the country must be carefully and conti- 
nuously studied and the results be made use of to project each 
specific rate or segments of mortality curve. 


It may also be useful to examine the differentials by 
regions or rural urban sectors, and to borrow the actual ex- 
perience of mortality evolution in the advanced areas or among 
the leaders in mortality control tc project the future trend for 
the country asa whole. Further insight into mortality reduction 
can be obtained by collecting and analysing Huei, Statistics 
by causes of death. 
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NOTES 


For a pioneering attempt of this method, see P. K. Whelpton, et al., 
Forecasts of the population of the United States, 1945-1975, U. S. Govern- 
ment Printing Office, Washington, D. C. 1947. 


For methods of evalualion of projection results, see K. S. Gnanasekaran, 
‘Some Tests for Evaluating Population Projections”, Paper submitted 
to the Indian Census Centeuary Seminar, New Delhi, October, 1972. 


Coale A. J and E. M. Hoovar, Population Growth and Economic Develop- 


ment in Low Income Countries, Princeton, Princeton University Press» 
1958, p. 346. 


For details of methodology employed by these authors to construct life 
table, Ibid, pp. 346-351. 


The offieial projections assumed an annual increase in the expectation of 
life at birth (e{) of 0.9 year npto 1970, 0.75 during 1971-1975 and 0.6 
year during 1976-1980. See Office of the Registrar General, Report on 
the Population Projections, New Delhi, Government of India Press 1969, p. 7. 


The “height slope”? phenomenon is described in detail in F. W. Notestein, 
et al., Zhe Future Population of Europe and the Soviet Union, Geneva: 
League of Nations, 1944. 


For a detailed account of SRS, see Office of the Registrar General, Vital 
Statistics Division, Sample Registration of Births and Deaths in India 
(Rural) 1965-1968, New Delhi. 


For evaluation of the SRS, see B. L. Agarwal, ‘‘Sample Registration in 
India’’, Population Studies, Vol 23 No. 3, Nov. 1969, pp. 379-394. Also 
H. B. Wells and B.L. Agarwal ‘‘Sample Registration in India’’, 
Demography, Vol. 4, No. 1, pp. 374-387 


The term “current life table’? is here used specially to denote a life 
table calculated on the basis of a direct method using death statistics. 


See K. E. Vaidyanathan and K. S. Gnanasekaran, ‘“‘ A Current Life Table 
for India, 1968-1969’ Paper submitted to the Second Asian Population 
Conference, Tokyo, November, 1-3, 1972. 


The weights used for 1968 rural, 1969 rural and 1969 urban rates were 
0.4, 0.4, and 0.2 respectively Ibid., p. 8. 


For details about the procedure of smoothing, Ibid., pp. 7-12. 


The method is described in A. J. Coale and P. Demeny Regional Mode] 
Life Tables and Stable Populations, Princeton, Princeton University Press, 
1966, p. 20. 
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A Hypothetical Indian Population Projection * 


G. E. Immerwahr 


This paper serves to illustrate the virtual inevitability of 
large population growth in India in the decades to come. It shows 
how, even if age-specific fertility rates were to be suddenly and 
drastically reduced to such an extent that the “intrinsic rate ’! of 
population growth immediately becomes zero, India’s population 
would still grow for several decades and reach a level alomst 
50 per cent greater than its present size. 


If a population closed to migration has (1) an age-sex- 
specific mortality schedule that remains constent from year to yeart 
(2) an age-specific fertility schedule that similarly remains constant 
and (3) a sex-ratio-at-birth that also remains constant, then this ~ 
population may be said to have ‘‘stable population conditions ”’, 
This does not necessarily mean that the population is already fully 
stablized-i.e., that it already has aconstant rate of increase over 
each unit of time and an unchanging age-and-sex distribution for 
generally it could have these only if the same stable population 
conditions had already existed for a long period in the past. It 
does mean, however, that regardless of its present age-and-sex 
distribution, it will ultimately reach a constant rate of increase and 
an unchanging age-and-sex distribution, provided these schedules 
and the sex-ratio-at-birth continue without change. The ultimate 
rate of increase and the age-and-sex distributions are functions of 
the schedules and the sex-ratio of births and not of the size or 
distribution of the present population?. 


A stationary. population is a special case of a fully stabillized 
population, and ‘“‘stationary. population conditions’? are a special 
* This research: was undertaken from grants to the International Institute 
for Population Studies under a Special International Research Project, 
NCHS-India-1, sponsored by the National Centrefor Health Statistics, 
Washington, U.S.A. 
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case of stable population conditions. The requisite for stable 
population conditions to be stationary population conditions is 
this: the fertility schedule (together with the sex-ratio-at-birth) 
must be such that when they are applied tothe L, values of the 
life table formed by the female mortality rates, they will produce 
an annual number of female births equal to 1, of that life table. In 
this application, L, values for ages beyond the reproductive years 
may be ignored. 


Just as stable population conditions may take many years to 
produce a fully stabilized population, so stationary population 
conditions may take many years to produce an actually stationary 
population. 


Computer Projection 


In connection with our computer simulation project, we have 
developed a family of life tables for India, one for each of the years 
1951 through 1981. See Appendix. We have also made population 
projections on the computer in five-year intervals, using five-year 
survival ratios derived from these life tables. For the purpose of this 
computer projection we have used the 1953 life table to represent 
the mortality in each year during 1951-55, the 1958 table to represent 
mortality in each year during 1956-60, etc. Similarly we have used 
fertility in five-year intervals in the projection, and we have assumed 
that 51.3 per cent of all children born are males, 48.7 per cent females. 

In our projection, starting with the 1961 Indian census figure 
of 439.2 million, and ignoring migration, we have arrived at a 
population of 559.5 million at the beginning of 1971. Our population 
projection model can accept migration input, but for this purpose all 
migration after 1961 has been assumed to be zero. 


For this computer projection we have assumed that, beginning 
with 1971, the 1971 life tables would apply for the indefinite future 
without any further decline in mortality. These 1971 life tables, as 
we have calculated them, involve expectations of life at birth of 50.6 
years for males and 51.2 for females. We chose the following age- 
specific fertility rates which result, when used in combination with 
the 1971 life table for females, in stationary population conditions, 
and therefore resulted in the value r=0, where r is the intrinsic 
rate of natural increase: 
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Table 1 


Ages Annual age-specific fertility rate 
10-14 .001 

15-19- .070 

20-24 .158 

25-29 .140 

30-34 . .103 

35-39 .060 

40-44 014 

45-49 O 


These fertility rates correspond to total fertility of 2.730 which 
is 48 per cent of the mean total fertility assumed for 1966-70 
and therefore represents that the birth rates will suddenly be cut 
approximately in half. 


Starting with this 1971 population, and with a continuation 
of this 1971 life table and the above fertility rates and a proportion 
of 48.7 percent girls at birth, we arrive at the following results 
(population figures in millions): 


Fable. 2 
Mean crude rates (per 1000) in period Population end 
of period 
Period Birth Death Increase (millions) 
1966-71 41.2 16.6 24.6 559 
1971-76 20.9 12.8 8.1 583 
1976-81 22 9 B3c1 9.8 612 
1981-86 25.1 14.0 16 Be 647 
1986-91 25.9 14.6 3 684 
1991-96 24.3 14.9 9.4 717 
1996-01 21.9 15.0 6.9 742 
2001-06 20.6 15.4 52 762 
2006-11 20.2 16.0 4.2 778 
2011-16 20.4 16.8 3.6 792 
2016-21 20.4 175 2.9 804 
2021-26 20:1 18.2 1.9 811 
2026-31 19.6 18.8 0.8 815 
2031-36 19.4 19.3 0.1 815 
2036-41 19.5 19.6 -0.1 . 815 
2041-46 19.7 19.8 0.1 814 
2046-51 19.8 19.8 0 814 
2051-56 19.7 19.7 0 814 
2056-61 19.6 19.4 0.2 815 
206 1-66 19.6 19.5 0.1 815 
2066-71 19.6 19.6 0 815 


The period 1966-71 represents the 60 months [ five years] ending with 
the census date 28 February 1971, and each subsequent period is a 
corresponding 60-month period [e. g., March 1971 — February 1976]. 
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It can be said that in total number the population becomes 
virtually stationary in 2031 at the level of about 815 million. This 
means a 60-year period would be required for a virtually constant 
total popvlation to be attained, with a population increase of 


46 per cent during this period despite a zero intrinsic growth rate 
throughout the period. 


Not until the end of about a century, however, would the age 
composition of the population be close to stationary stable conditions 
(which in operations research would be called ‘‘steady  state’’ 
conditions), as may be seen from the following table: 


Table 3 
Percentage distribution by ages Number of women 
[both sexes combined] 15-44 
Year Q-14 15-34 35-59 60+ Total [millions] 
1971 42.2% 3251.94 207305 5142, 100.0% 114 
2001 28.1 32-2 3.124 8.3 100.0 174 
2031 24.8 29.6 297 15.9 100.0 3 
2071 24.4 30.1 S131 14.4 100.0 FA! 


The “steady state’’ percentage for the four age groups, bashd on the life tables, 
should respectively be 24.25%, 30.1%, 31.0% and 14.4%. 


Discussion 


The results of this projection, including not only the growth 
of population but the changes in crude birth and death rates and in 
population age composition, may at first glance seem almost un- 
believable. This is particularly true of the short-range results, and 
it is of interest to examine some of these. 


The first question that may be asked is, why does the crude 
death rate fall so rapidly in the first five years following 1971? This 
is because a large proportion of deaths in today’s population are 
among recently born children, and when births are reduced the 
immediate effect is to reduce deaths. The computer projection shows 
that of the 108.5 million children born during (966-71, 16.6 million 
died during that same period; this was 38.1 per cent of the total of 
43 7 million deaths (of all ages) in the period 13. During the period 
1971-76 only 59.7 million children are born, and only 8.2 million of 
them die during the period. The total deaths (of all ages) in the 
period is 36.5 million. 
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The next question is, why does the crude birth rate rise for 
several five-year periods following 1976? It has been noted that in 
many developing country populations with high fertility rates the 
crude birth rate may fall even when age - specific fertility remains 
the same. This is because the proportion of children 0-14 in the 
population is growing and the proportion of women in the reproduc- 
tive ages is correspondingly falling. Here just the reverse is true 
in the short - range; the proportion 0-14 is falling and the proportion 
in the reproductive ages is rising. 


Ultimately, of course, both crude birth rates and death rates 
converge toward the intrinsic rates for a population with these 
particular mortality and fertility schedules, such intrinsic rates being 
19.6 per 1000 in each case. Over the long run crude death rates rise 
because the population becomes older andcrude birth rates fall for 
the same reason. But neither movement is monotonic. In the 
decades of the 2030’sand 2040’s the number and proportion of 
elderly persons (those who were born. just before 1971) will be 
temporarily very high (see also Table 3) so that crude birth rates 
in the 2030’s will be slightly below the intrinsic and crude death rates 
in the 2040’s slightly above the intrinsic. 


Perhaps the continuing increase in the population following 
1971, as shown in Table 2, can best be explained by the fact that the 
large numbers of children already born before 1971 will become 
and remain parents for several decades to follow and will produce 
large numbers of new children even if fertility rates drop. As shown 
in Table 3, the number of women at ages 15-44 may be expected to 
increase by at least one-half over the next three decades. 


Another question that may be asked is how far fertility rates 
must fall if any future population growth is to be prevented. This 
I have worked out for the period 1971-76 andI find that the age- 
specific fertility rates shown in Table 1, which are only about one- 
half the estimated mean fertility rates of 1966-71 period, would 
themselves need to be cut almost in half again (actually be reduced 
by 45 per cent ). These further reduced rates correspond to a total 
fertility of only 1.50 (well below atwo-child family norm). With 
these rates the total births and total deaths during 1971-76 would 
each be 32.8 million, the population would remain at 559.5 million 
and the annual crude birth and death rates would each be 11.7 per 
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thousand. During subsequent 5-year periods, the fertility rates could 
gradually rise without causing a population increase since crude 
death rates would rise with the gradual aging of the population. 


It should be clear that bringing down the number of births 
merely to the currently prevailing annual number of deaths will 
not achieve immediately a stationary population. Since the reduc- 
tion in births will of itself reduce deaths, the number of births 
would have to be brought down to a level well below the current 
level of deaths. 


This entire exercise has admittedly been a highly hypothetica] 
one, yet the main projection results (namely, a large population 
increase even with immediate drastic fertility reduction) serve to 
point up the urgency of the Indian population problem. 


It should be noted not only that the population growh shown 
in Tab!e 2 is far underestimated because the fertility reduction 
assumed as immediate is not actually likely to take place for many 
years, but may be further understated because further future declines 
in mortality have been ignored. During the 1960’s it has been 
reasonable to believe that mortality declines have produced a greater 
decrease in the crude death rate than has taken place in the crude 
birth rate. Further mortality declines in the future are almost a 
certainty, unless population growth is at so great a rate as to result 
in significant increases in disease, food shortages, pollution of the 
environment or social tension. 
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APPENDIX 


INDIAN LIFE TABLES DEVELOPED FOR COMPUTER 
SIMULATION PROJECT 


For the project it was desired to develop a family of tables 
which would give qx values for age x and each sex for every one of 
the years 1951-81. It was also desirable that the tables be derived 
in such a manner that the computer could readily select qx values 
for the appropriate year for which experience would be simulated. 


For this purpose the first step was to construct tables for the 
year 1956. This was done based upon smoothed 1961 census data 
and upon a re-smoothing of the 1951 data, so that the tables differed 
appreciably from the 1951-60 official Indian life tables. For the year 
1981 it was assumed that the Coale-Demeny West table 17 would 
apply for males and table 16 for females. For each sex and age 
separately individual ratios were obtained of the q, values for 
separate years on the theory that qx values decreased in geometric 
progression from one year to the next. Thus given qi%°° and qi%8! 


for males age x, a value Z, was found = (qi%°! / qi8°° ) 1/25. Then for 
any year of (1951 <y <1981), the value q,¥ for that year was found 


1956 -1956 
BSeQ. ass * 


The expectations of life at birth for some of the tables were 
as follows: 


Table for year Male Female 
1951 34.52 33-90 
1953 36.34 35.78 
1956 ano) BR 57 
1958 40.69 40.38 
1963 44.74 44.717 
1968 48 48 48.90 
1971 50.58 51.24 
1973 31:92 52.19 
1978 55.06 56.31 
1981 SO78.2e Shade 


* Not exactly equal to the Coale-Demeny values because of modifications 
introduced at older ages and because of being based on single year 
Lx values. 
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NOTES 


* 


Intrinsic rate is an eventual long term rate. For a more exact descrip- 
tion see G. W. Barclay, Techniques of Population Analysis, New York, 
John Wiley. 


The one exception to this rule is the case where a present population 
has no females in the reproductive ages. Such a population would 


- ulitmately vanish. 


The 16.6 million deaths were not the only deaths under age 5, since 
approximately two million children born during 1961-66 also died during 
1966-71 but before reaching age 5. At present about 43 per cent of total 
deaths in India are apparently of children under age 5S. 
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